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31st CoNGREss,
lst Session.

(HO. OF REPS.]

Ex. Doc.
No. 69.

GEOLOGICAL REPORT 0~ THE COPP8R L !\NOS OJ:<"' LAKE SUPERIOR L:\.ND
DISTRICT, MlCHIGA.N.

L:ETTER
FROM

THE SECRETARY OF THE

I~'TERIOR,

E.N-GLOST::-I'G

Tile geological report on tlte copper lands of Lal.;e Superior land di~trict,
JJ!licltigan.
J\IL'lY 16, 1850.
Refcn d to the Committre on Public Lands, :md ordered to be printed.
JUNE

14-, 1850.

10,000 copies extra ordered to be ptinted.

•

DEP~'lRTl\m~~T OF THE lN'.rERIOR,
lYashington, April29, 1~50.

Sm: I have the honor to communi~ate, herewith, a letter from the
Commissioner of the General Land Office, transmitting the report of
Messrs. Foster and Whitney, United States geologists, on the copper lands
of the Lake Superior land district, Michigan.
I have the honor to be; very respectfully, your obedient servant,
T. E\VING, Secretary.
Hon. HowELL CoBB,
Speaker of the House of Rr:presentativcs.

GENERAL LAND OFFICE, April26, 1850.
Sm: I have the honor to comtnunicate, herewith, a report from Messrs.
Foster and -Whitney, United States g(~ologists, on the "copper lands" of
the Lake Superior land district, in Michigan, accompanied by a number
of views of the principal features of that interesting region, with diagrams
of the mines, &c., iHustrating the work. There is, also, accompanying
this report, a fac-simile of a map of Lake Snperior and the adjacent regions, made by the Jesuit missionaries in 1610 and 1671, and published
at Paris in 1672.
This report contains a vast fund of valuable information, and the publication of it will be an important addition to the cause of science. It
would have been communicated with my annual report, but the tim~
since those gentlemen were appointed was too short to enable them to
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prepare it in season. It is now submitted as supplementary to that report,
and I respectfully request that it may be so communicated to Congress.
With much respect, your obedient servant,
J. BUTTERFIELD, Commissioner.

Hon.

THOMAS EwiNG,

Secretary of the Interior.

BosToN, April15, 1850.
SIR: We herewith present to you a report on the "copper lands" of the
Lake Superior land district. When it is considered that this district embraces an area of more than sixteen thousand square miles; that nearly the
whole of that area is an unbroken wilderness; that we were required to
explore considerable portions of it with sufficient minuteness to designate
the character of each quarter section; and that, in the accomplishment of
this object, our camp equipage and provisions, and even our canoes, were
carr~d for long distances on the backs of men; .a nd that the limited state_
of our supplies often compelled us to press on without regard to weatherunder these circumstances~ we trust we shall be pardoned if it be fouad
that we have fallen into minor errors, or hastily passed some points which
were deserving of a more minute examination. In the delineation of the
main features of the region, we trust that this report will be found correct.
With sincere thanks for the aid afforded us in the prosecution of these
researches by several of the officers attached to the bureau ove::: which
you preside, we subscribe ourselves,
Sir, with great respect, your most obedient servants,
J. W. FOSTER,
J. D. WHrrNEY,

United States Geolngists,

To HoN.

JusTIN BuTTERFIE'Ln,

Cormnissioner of the General Land Office.

REPORT
ON THE

GEOLOGY AND TOPOGRAPHY
OF A PORTION OF THE

LAKE SUPERIOR LAND DISTRICT,
IN

THE STATE OF .MICHIGAN:

B¥_

Jo W. FOSTER AND J.D. WHITNEY,
UNITED STATES GEOLOGISTS.

IN TWO PARTS.

PART I.

COPPEa LANDS.

WASHINGTON:
PRINTED FOR THE HOUSE OF REPS.

1850.

\

REPORT
ON THE

GEOLOGY AND TOPOGRAPHY
OF A PORTHJN ·O!J'

THE LAKE SUPERIOR LAND DISTRICT,
IN

THE STATE OF MICHIGAN.

iNTRODUCTION.

Historical sketch.-RaymbaultandJogues'svoyage to Saut. Ste. Marie.Rene Mr'stwrd visits Lake Superior.-Allouez follows.-Dablon and
Marquette follow.-- Grand Council.--Marquette proceeds to Green
Bay .-Discovers the Mississippi.-His death.-Allouez's death.-Early
m.ap of this region.- Effect of the Missionary labors on the. Indians.Travels of Hennepin; Chadevoi:t·; Henry ; Mackenzie.-E.2pedition
of General Oass; of Sclwolcraft; of Maj. Long.-Dr. Houghton_; his
labors and death.- The treaties by which this district was ceded.- The
several acts of the government in reference thereto.- The act autlwrizing
the survey .-Its organization.
.
The first steps towards the exploration of the country bordering on the
great chain of North American lakes were taken by the Jesuits of Canada,
more than two centuries ago, under the auspices of Count Frontenac,
then governor general of that region.
·
On the 7th of September, 1641, Charles Raymbault and Isaac Jognes,
two missionaries of the order of Jesus-an order whose memorials are to
be found in every quarter of the habitable earth-aceompanied by several
Hurons, left the bay of Pentanguishene in a bark canoe for Saut Ste.
Marie. At the head of this bay_ they had established a mission. It
formed, at that time, the western terminus of the travelled route between
:Montreal and .Lake Huron, by way of the Ottawa river and Lake Simcoe,
and for years afterwards, while the power of France in the Northwest remained in the ascendant, constituted an important link in a chain of posts
extending for more than two thousand miles.
"rhe route of Raymbault and Jogues lay through the Georgian hay, and
thence among the countless islaHds that stud the channel of the St. Mary's
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river. After a voyage of seventeen days they arrived at the falls (Saut,.)
where they found an Indian village with a population of two thousand
souls. The abundance of white fish, and the facilities for capturing them
in the foaming rapids, have made this the chosen resort of the Chippewas
for centm:ies. The chiefs received them kindly and invited them to
dwell in their midst. "We will embrace you as brothers," they said,
"and profit by your words."
They here learned of the existence of a lake still beyond, called by the
Indians Kitchi-gummi, (Big lake,) surpassing in magnitude either Huron
or Michigan, then called Illinois, beyond whose western limits was a
country destitute of trees, but covered with grassy plains, through which
roamed herds of buffalo and deer.
Here dwelt the Sioux or Nadouessi, a race at once warlike and indomitable. At that day a feud existed between the two tribes, which has
been perpetuated to the present time.
Late in the season Raymbault returned to Pentanguishene with the intention of revisiting the Saut in the succeeding spring, and establishing
there a permanent mission; but consumption, brought on by repeated exposures and privations, was fast hurrying him to the grave. The following year he returned with Jogues to Quebec, where he died October 22,
1642. Father Jogues started to return, but in ascending the St. Lawrence
was captured by the Mohawks, a predatory band 'infesting the shores and
tributaries of Lake Erie. After having been subjected to the most ignominious treatment, himself scourged, and his Huron attendants committed
to the flames, he was ultimately ransomed by the Dutch in the vicinity of
Albany. He revisited France, but soon returned to the scene of his la~
bors with a spirit unabated and a zeal unquenched.
Rene Mesnard followed in the track of Raymbault. On the 28th of
August, 1660, he left Quebec, taking with him a scanty stock of necessaries; '' for I trust," said he, " in that Providence which feeds the little
birds of the air, and clothes the wild flowers of the desert.'' He was
past the meridian of life, but possessed all the zeal of youth. He went
forth with the presentiment that he was performing his last journey, for,
in writing back to a friend, he remarked: " In three or four months you
may add my name to the memento of deaths." Having arrived at the
Saut, he proceeded to coast along the southern shore in a canoe, and on
the 15th of October reached the head of Keweenaw bay, which he
named St. Theresa-the day of his arrival being the anniversary day of
that patron saint. Here he remained until the following spring, when he
left, accompanied by a single Indian, for Chaquamegon bay, near the
head of the lake. They took the route through Portage lake; and while
the voyageur was conveying the canoe across the portage, the good Father
wandered into the woods, and no trace of him was afterwards obtained.
This happened August 20, 1661. The world applauds the heroism of
Columbus who launched out upon a trackless ocean in search of a new
world. The humble missionary who, committing himself to the guidance
of savage attendants, voyaged for days with a boundless waste of waters
on one side, and on the other an unbroken wilderness, showed a degree
of courage and enthusiasm which has rarely been rivalled, and which
ought to rescue his name from oblivion.
Claude Allouez followed in his footsteps. On the 8th of August, 1666,
he embarked at Three Rivers 1 accompanied by four hundred Indians,
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who were on their return from Quebec. In the beginning of September
he arrived at the Saut, and entered Lake Superior, "which," said the
good missionary, "shall henceforth bear the name of M. de Tracy, in
token of the obligations the people of this region are under to him;" and
this is the name applied to it on the earliest map.
"The savages," he continues, "respect this lake as a divinity, and offer
sacrifices to it because of its size, for it is two hundred leagues long and
eighty broad, and also in consequence of its furnishing them with fish,
upon which all the natives live when hunting is scarce in these quarters.
* ~ '*' It happens frequently that pieces of copper are found, weighing
from ten to twenty pounds. I have seen several such pieces in the
hands of savages; and since they are very superstitious, they esteem
them as divi11ities, or as presents given to them to promote their happiness by the gods who dwell beneath the water. For this reason they
preserve these pieces of copper wrapped up with their most precious
articles. In some fa111ilies they have been kept for more than fifty years;
in others, they have descended from time out of mind-being cherished
as domestic gods.
"For some time there was seen near the shore a large rock of copper
with its top rising above the water, which gave an opportunity to those
passing by to cut pieces from it; but when I passed that vicinity it had
disappeared. I believe that the gales which are here frequent, like those
of the sea, had covered it with sand. Our savages tried to pursuade me
that it was a divinity who had disappeared; but for what cause they were
un\\rilling to tell."~ He passed the bay called by Father Mesnard St.
'l'heresa, where he met "two Christian w0men, witnesses of his (Mesnard's) labors, who had preserved their faith, and sparkled like two stars
in the midst of the darkness of infidelity. Having refreshed their memories with our mysteries, we proceeded on. After having travelled one
hundred and eighty leagues along the border of the lake, on the southern
side, where the Lord hath often tried our patience by tneans of gales,
famine, and fatigue, both day and night"-many a poor voyageur has
since uttered the same complaints-"we landed on the 1st of October at
Chaquamegon." T,his is the old La Pointe of the voyageurs. He describes it as a beautiful bay, on whose margin dwelt numerous savages:
their warriors amounting to eight huudred. Here he paused in his wanderings, erected a chapel, and commenced the work of winning the
savages to the standard of the eross. He fonnd that the Chippewas were
meditating a warlike expedition against their ancient enemies, the Sioux.
He was permitted to advise, and sncCI'eded in diverting them from the
enterprise. Here he dwelt for two years. His fame reached the surrontldiug tribes, who gathered around to satisfy their curiosity and receive
the benefit of his instruction. During this peri~d he visited Fond-du-Lac.,
where he met with some of the Sioux, who informed him of a country
to the west abounding in prairies, over which roamed the buffalo,- and
that there was a great river called M('ssepi, (Mississippi,) whose banks
were inhabited by the beaver. He extended also his mission among the
Nipi!'siriniens, on the north shore of the lake.
Iu the fall 0f 1667 he returned to Q.nebec to procure aid in establishing
missions in the Northwest; and such was his ardor, that in two days after
his arrival he was on his way back to his forest home.
«;Qharle11oix, in his

Travels~

has appropriated almost verbatim Allouez's description.
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In 1668 Claude Dablon and James Marquette proceeded to Saut Ste.
Marie for the purpose of establishing a permanent mission. Of the personal history of the former little is known, bnt the latter \Vas in the prime
of life, highly educated, and fitted to adorn the court of Louis; hut he
sacrificed all of these advantages, and passed his life among a race comparatively low in the scale of intellectual organization. From this period
Saut Ste. Marie dates its settlement; and it is therefore, as Bancroft remarks, the oldest within the limits of the State of Michigan.
The following year Marquette ~ ucceed~d Allouez at La Pointe, and the
latter removed to GrePn Bay.
In May, 1671, a grand couneil assembled at Saut Ste. Marie. The
chiefs from fourteen of the tribes of the Northwest and the soldiers of
France sat in couneil together. Mr. Tallon, then gnvernor general of
New France, had sent there Monsieur de St. Lusson to take possession,.
in the name of his Majesty, of all lauds lying between the east and west,
and from Montreal to the South sea, as far as it could be done . When
assembled' the ambassador selected a hill above the village, planted the
cross, and raised the arms of the Kiag . The cross was first blessed with
all the ceremonies of the Church by the Superior of the missions; and
while it was being raised, the Ve.r:i/La was chanted hy the as$ernbled
Prenchmen, to the great admiration of the savages. The shield of France
was suspended from a cedar post above the cross while they were chanting the Exaudiat, and prayers were offered for the sacred perse n of his
Majesty. St. Lusson formally took possession of the lands; after which
guns were discharged, and other manifestations of joy exhibited. F1 ather
Allouez was present, mindful of the illterests of his divine as well as temporal master.*' The same year Marquette 1'e:moved to St. Ignace, north of
Mackinac. Here he built a chapel, aud gathered about him the wandering Hurons. Marquette and Dal.Jlon made numerous excursions to the
tribes which dwelt in the territory now embraced in northern Illinois and
eastern Wisconsin . Marquette, like AUoiiez, had heard marvellous accounts of the region beyond the Great Lake, and longed to explore it; but
it was not until the year 1 673 that he was enabled to carry his project
into execution. His ro1:~te lay up the Fox river, through Lake Winne*Allouez pronounced the following pan&gyric on the King, which is worthy of being preserved:
"It rs a most important affair which call:;:. HS t('gether. Cast youF eyts on that f'TOss, whirh is so.
hi~h above your heads.
'Tis there where the S•·n of God was willing to be atrach«>d and to die~
in order to satisfy His eternal Father for your sins. He is the master of our lives, and al~o of
heaven, and earth, and hell. It is He of whom 1 have so often spoken, and whose name ancl
word 1 have borne into these t1istant land;;:. But, at the t'ame time, J.,.. k upon that other C'.olumn,
to which are attached rhe arms of that great rhief of France, whom we call King. He lives beyond the :.-ea. He is the ehief of chieti~. and h as not his lrke in the wodd. All the chief,; whom
you have seen, and of whon1 you have h eu:rJ , a re but children comp•,red wi 1h him
He is like
a great tne, while they are mere shrubs which we tread upon , Ynu know Onnontio, (governor
g e11eral ,) the renowned ch ief of Q.uth c , YPu kn(•w thut he is the terror ot' tlw Iroq uois, and:
t hat his r1ame is sufficient to mak e them treH1bJe, ,ince he has cksolated tt.leir land s, and carried
:fire among their settlements. There t1re beyond the sea ten th<lusand 011nontios I k'e him, who
are but warriors of that great chief, our King, of whom l ,peak. Whe~1 he says' I go to war,,
everybody oh r·ys, and these ten thnu~and chief's raise bands of warriors l:,oth for the lar•d and for
the sea. Some embark in ships, },ke those y••u have seen at Q.nebee. Your canoe will hGid
hut four or five men-twelve to the utmo~St. Our vessels carry four awl five hundred, and even
a thousand. Another portion go to war on land, but in 8•Jch rwrnbers that, whe11 arran~ed in
double ranks, th ey would reach to MississaqnPnk, which is twf'nty leag-ues from here \Vhen.
he uttacks, he is more fearful than thulldt r. l'he eanh trembles, and the uir and the sea ar® on.
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bago, and thence down the Wisconsin into the Mississippi. In this expedition he was accompanied by Joylet, a courtier of France. 'rhey de·
sceuded the mighty current as far as Arkansas, and then turned back.
They represented that they were hospitably entertaiued by the Illinois,
who dwelt upon its banks, while by other tribes they were repulsed.
'rhis relation of the voyage of Marquette was not published until some
time after his death, and hy some it is regarded as fabulous; but Bancroft
is disposed to adopt it as worthy of entire credence.
Late in the season the voyageurs reached Chicago. Joylet hastened to
Quebec to announce the results of their discoveries, while Marquette remained to plaut the standard of the cross among the Miamies.
The manner of his death is thus narrated by Bancroft: "In sailing
from Chicago to Mackinac during the following spring, he entered a little
river in Michigan. Erecting an altar, he said mass after the rites of the
Catholic church; then, begging the men who conducted his canoe to
leave him alone for half an hour,
'In the darkling wood,
Amid the cool and silence, he knelt down,
And offerP.d to the Mightiest solemn thanks,
And supplication.'

At the end of half an hour they went to seek him, and he was no more.
The j;Ood missionary, discoverer of a world, had fallen asleep on the
margin of a stream that bears his name. l\ear the mouth, the voyageurs
dug his grave in the sand ." ~ This event happened :May 18, 1675.
Allouez Jied soon after in the midst of his labors among the Miamies.
'rhe Jtsuits made a map of this region as early as 1669, which was
published in 1672. vVe suspect that it is the work of Allouez and Marf'uette, but it bears no name. Dablon thus speaks of it: "lt was got up
by two Fathers, very intelligent and observing, who did not wish to in·
corporate anything except what they had seen with their own eyes .
That is the reason why they have only inserted the upper part of Lakes
Huron and Illinois, although they have coasted mueh on both ."
When it is considered that these men were not engineers, and that to
note the geographical features of tite country formed no part of their requirements, this lllap may, for that age, be regarded as a remarkable
production, although points occasionally are laid down half a degree
from their true position. The \vhole coast, sixteen hundred miles in extent, as wetl as the islands, were explored. Even Caribou, a low island
in the midst of the lake, and not visible except within a few leagues, did
not escape their observation.
fire from t he uischarge of his cannon. He has been seen in the midst of h1s squ.adt·on ' cuvered
with the blood of his enemies; so many of whom ha9 he put to the sword, t.hat he do"s not
number their scalps , but merely the r1vera of blood wh1 cl he has <·aused to flow. He carries
such a number of cap 'ives with hirn th a t he does not value them, but lets th"m g'' whc;e they
pleasr~, to ~how th;tt he does not fear them . .t:Jobody dure make w .. r on him. Ad n.ttions beyond the sea ha\e sued for pear:e with great su bmiE'sion. T hey come fr 1m every quar·e r c.f the
globe to lis•en to him and admire hm1
It is he who deci!les upon the affairs of the world.
'Vhut s hall I Ray of his riche~:;? You thillk yours·· lves v ery ri t·J1 when y r u have ten or twel\'e ~acks
of corn, anti Latchets, and kettles, and o th t r tli ing s of th e kind. He hu::; more citi l' tlmn you
have men, which are sc,ttter. d ovrr a ~ p -H:e of more than fhe hundred leagues. l •1 t:1ch city
there a re s'lops containm)! h. tdwti'l euough to cut all your wood, kettlt'R enou~ h to cook al 1 your
cari bou, a 1·:d sugar enough to fill all y nur w igw:1ms. His house lXtenJs further than from
here to the Saut, is .higher than the te.llest of your trees, and conraius mote p eop le than he
largest of your settlemet:ts ever contai;Jed . "
*History of the United Stutes, volume I.
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Allouez, Marquette, and Jogues were remarkable men, and, had their
lots been cast in a different sphere, they would have left a mpre durable
impress upon the age in which they lived. 'Their efforts to win the tribes
of the Northwest to the standard of the cross, prosecuted with great zeal,
and under circumstances of privation and suffering, may be regarded as
abortive.
There is something impressive in the rites of the Catholic churchsomething in its mysteries calculated to overawe the wild mea of the
woods. So long as the missionary was in their midst and superintended
their labors, they yielded to his guidance and adopted his recommendations, so far at least as conduced 'to their comfort; but when he withdrew,
with equal facility they glided into their former habits. The superstructure raised with so much care fell to the ground the moment the sustaining hand was withdrawn. The effect of the contact of the two races
has been to afford the Indian additional incentives to vice, while his intellectual and moral elevation has been little advanced; and at this day,
it cannot be said that he stands higher in the scale of civilization than
when first known by the white man.
Such knowledge as we possess with regard to the early discoveries in
the Northwest is derived from the ''Relations de ce que s'est passe de
plus remarquable aux Missions des peres de la compagnie de Jesus en la
Nouvelle France ." They are eomprised in many volumes, to be found
in the library of Harvard College.
The occurrence of native copper naturally excited the wonder of the
first voyageurs, and the references to it are numerous. The first mention
is made in the Relation for 1659-'60. An Indian, named Awatanick,
who had fJassed from Green Bay to Lake Superior the year previously,
reported "that its borders were enriched with lead mines, and copper of
such excellent quality that it is already reduced in pieces as large as the
fist. There may also be seen rocks which contain large veins of turquoise," (green silicate of copper.)
The relator adds that he has heard of the existence of gold on St.Joseph's island, and that the rivers of Lake Superior bring down grains
of gold.
Another relator states that diamonds occur on some of the islands at
the foot of Green Bay.
In the Relation for 1669-'70, Father Dablon says: "We have learned
from the savages some secrets which they did not wish at first to communicate, so that we were obliged to use some artifice. We do not, however, vouch for everything contained in the following account. After
entering the lake, the first place met with containing copper is an island
about forty or fifty leagues from the Saut, tC5wards the north shore, opposite a place called Missipicooatoug, (Michipicoten.) The savages relate
that it is a floating island, being sometimes near and at others afar off. A
long time ago four savages laude<l there, having lost their way in a fog,
with which the island is freqnently surrounded. It was previous to their
acquaintanee with the French, and they knew nothing of the use of kettles and hatchets. In cooking their meals, as is usual among the savages, by heating stones and casting them into a birch-bark pail containing
water, they found that they were almost all copper. After having completed tl1eir meal, they hastened to re-embark, for they were afraid of the
lynxes and hares, \vhich here grow to the size of dogs. 'I'hey took with
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them copper stones and plates, hut had hardly left the shore before they
heard a loud voice exclaiming in an angry tone, 'Who are the thieves
that carry off the cradles and the toys of my children?' They were
very much surprised at the sound, not knowing -whence it came. One
said it was the thunder; another that it was a certain goblin called Missi0izi, the spirit of the waters, like Neptune among the heathen; another
that it came from the Memogovissioois, who are marine men, living constantly under the water, like the Tritons and Syrens, having long hair,
reaching to the waist; and one of the savages asserted that he had actually seen such a being. At any rate, this extraordinary voice produced
such fear that one of them died before landing; shortly after, two others
died, and one alone reached home, who, after having related what had
happened, also died. Since that time, the savages have not dared to
visit the island, or even to steer in that direction." The Father attempts
to explain this superstition by supposing that they were poisoned by using
the copper boulders in cooking their meat, and that the supernatural voice
was an echo of their own, and that the vanishing and reappearance of
the island was due to fogs and haze which hang about it. He concludes
by adding that it is a common belief among the savages that the island
contains an abundance of copper, but that no one dare approach it.
'' Pushmg along to Le Grand Anse, (Neepigon bay,) we come to an
island called 'Thunder island,' which is noted for its abundatce of
metal. ('I'his is probably St. Ignace.) Further to the W¥t is an island
called Menong, (Isle Royale,) celebrated for its copper. It is large, being
twenty-five leagues long and seven leagues distant from the main land.
One bay at the norrheast extremity is particularly re.rnarkable. It is bounded by steep cliffs 0f clay, in which there may be seen several strata or
beds of red copper separated from each other by layers of earth. ln the
water is seen copper sand, which may be gathered with spoons, although
there are pieces as large as acorns. This large island is surrounded by
several smaller ones, some of which are said to consist entirely of copper.
OnP, especially, near the northeast corner, is within gunshot of the main
island. Further off in that direction is one called Manitou-minis, on account of the abundance of copper. It is said by those who have visited
it, that on a stone being thrown against it, a sound like that of brass
when struck is heard.
'
"After having reached the extremity of the lake, there may be seen
(one day's journey) on the .south shore, by the water's edge, a mass of
copper weighing 600 or 700 lbs., so hard that steel cannot cut it; but
when heated it may be cut like lead."
.
On one ot the islands near Chaq uarnegon bay, he relates that copper
rocks and plates are found, and that he bought of the savages a plate of
pure copper two and a half feet square, ·weighing more than 100 lbs. He
supposes that they have been derived from Menong, and that their transport has been effected either by floating ic.e or by powerful winds from the
northeast, which have rolled them along the bottom of the lake.
He mentions the fact that the Ottawa squaws, in digging holes in the
sand to hide their corn, often find masses weighing 2U or 30 lbs. "Near
the river Nantouagon (Ontonagon) may be seen a bluff, from which
stones of red copper fall down into the water. rrhree years since we were
presented with a piece from that locality weighing 100 lbs. vVe have cut
some pieces from it, and sent them to Talon, at Quebec. The savages do
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not all agree as to the place whence it is derived. Some say that it is
where the river begins; others, that it is close to the lake, in the clay; and
others, at the forks, and alcng the eastern branch of the river.
"Further on is found the long spit, (Keweenaw Point,) which we have
compared to the arrow of the bow. At its extremity is an island six feet
square, which is said to be entirely of copper. Finally, to complete this
survey of the Great Lake, we would add, that it is stated that mines of
the said metal are found in several p]aces to the south. All these circumstances, together with others which it is not necessary to mention, are
deserving of an attentive examination. We would also mention an oxide
of copper, which is said to come from the crevices of certain rocks, (Pictured Rocks,) and the occurrence Qf certain pebbles along the shore,
which are somewhat soft and of an agreeable green color. If God prospers our undertaking we shall speak about it next year with more knowledge and certitude. ''
Hennepin and L'Hontan passed through the lower lakes, but did not
enter Lake Superior.
Charlevoix, whose voyage was published at Paris in 1744, passed
through the great chain, and his observations are well worthy of perusal.
He mentions that pieces of copper occur on the islands of Lake Superior,
and that he knew a brother of the order, a goldsmith by trade, who,
while ~n a mission at Saut Ste. Marie, had made chandeliers, crosses, and
censors of it.
Shortly before the treaty of Paris, in 1763, by which the whole of this
territory was cedecl. to the British Crown, Alexander Henry, an Englishman, visited Mackinqc for the purposes of trade. At that time the
Indians regarded the English as intruders, and entertained towards them
hostile feelings. Henry was among the few who escaped the massacre at
old Fort Mackinac, and owed the preservation of his life to the offiees of
a friendly Indian, who contrived to convey him to the northern shore of
lVIichigan, whence he made his way to Saut Ste. Marie. In 1771 he superintended a mining enterprise in the vicinity of the forks of the On ton"'
agon river, near the site of the copper rock.
,..rheir workings were prosecuted in the clay bluffs which line the banks
of the stream, and the ininers during the winter perforated the hill to the
distance of forty feet. Having neglected to secure their work with supports, on the approach of spring the earth caved in and destroyed their
drift. A .boat-load of provision£ was sent to the miners from the Saut,
but, much to the surprise of Henry, when it returned on the 20th of June,
he found the whole establishment of miners aboard. It is not surprising
that explorations so ill-directed and visionary should prove abortive; and
yet the miners represented that, in the progress of the work, they frequently met with con::-;iderable masses of native copper, and believed that they'
would ultimately have reached a large body of that metal.
In the month of August, 1772, the mining force was transferred to a
vein on the north shore. Little was done during the winter, but before
the close of autumn the miners had penetrated thirty feet into the solid
rock. The vein, which at the beginning was four feet in breadth , had,
in the botto'm of the shaft, contracted to four inches. Under these dis·
com·aging circumstances, further mining operations wc:re abandoned.
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Henry concludes, from the results of his unsuccessful experiment in
mining, that the copper can never be p.rofitably mined, except for local
consumption, and that the country must be cultivated and peopled before
this can take place. He remarks, it was in the hopes of finding silver in
sufficient abundance to make the speculation profitable, that the works
were commenced. He speaks of the discovery of this metal in only one
place, Pointe aux Iroquois, where, according to his authority, a ~'Ir. Norburg, a Russian gentleman, acquainted with metals, discovered a blue
stone of eight pounds' weight, which was sent to England and found to
contain sixty per cent. of silver.
None of the early explorers seem to have noticed the existence of metallic silver associated with the copper, although we know that, among the
numerous masses of copper which have been picked up on the shores of
the lake, some have contained a considerable quantity of silver interspersed
through them.
In1819, General Cass, under the authority of the Secretary of War,
directed an exploring expedition, which passed along the southern shore
of Lake Superior, and crossed over to the Mississippi. This expedition
had among its principal objects that of investigating the northwestern copper
mines, and was accompanied by Mr. H. R. Schoolcraft,.in the capacity of
mineralogist and geologist. His observations are. recorded in his "Narrative Journal of Travels from Detroit northwest, &c.," published in 1821.
In the spring of1823, Major Long, acting under the orders of the War De~
partmen t, and accompanied by several scientific gentlemen, started on an expedition, the object of which was to explore the river St. Peter's and the
country situated on the northern boundary of the United States, between
the Red river of Hudson's bay and Lake Superior. In returning, they
coasted along the north shore of this lake. Professor Keating, in his narration of the expedition, remarks that they had seen native copper (boulders) strewed in many directions over the great valley drained by the
Mississippi and its tributaries.
All the early explorers seem to agree in the opinion, that if &eposites of
copper should be discovered in this region, yet, so great is its distance
from a market, and so wild and unsettled the character of the country,
that there would be no hope of . their being profitably worked-at least
·
for many years to come.
The attention of the government was called to the mineral resources of
the Northwest during the presidency of the elder Adams, and a commission was instituted with the view of exploring this region; but we . have
been u~able to ascertain why nothing further was done in this matter.
Such was the state of things up to the time when Dr. Douglass.Houghton, State geologist of Michigan, in the prosecutioN of his labors, commenced the exJ3loration of the northern peninsula, and by his official reports awakened attention to this distant region. In his annual report, presented to the legislature of Michigan, February 1, 1841, the great features of
the country were sketched with a masterly hand, and the first definite information with regard to the occurrence of the deposites of native copper
in the rocks was laid before the world. After this preliminary reconnaissance of the country, Dr. Houghton entered into a contract with the
United States government to execute the linear survey of the northern
peninsula in connexion with a geologic survey, according to the system
devised by him in connexion with Wm. A. Burt, esq. Dr. Houghton
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had, in the prosecution of the State geological survey over the extensive
territory of the southern peninsula; found how great an amount of labor
and how large a corps of geologists would be required, were the whole
ground to be gone over by the geological parties, and had availed him·
self of all the information which could be obtained from the linear surveyors who had directed the United States surveys in various sections of
the State. He had engaged them to notice the rocks which they should
cross with their lines, and, if practicable, to procure specimens of them,
so that he might thus obtain a general idea of a region which he had
neither time nor means to explore fully himself. In the course of these
inquiries he received a great amount of vahable information, especially
from Mr. Burt; and he was thus led gradually to the idea of adopting a
system which should- connect the two surveys, so that they might be
executed under the authority of one person, and then a systematic arrangement of a great number of observations be brought to perfection.
The survey of the northern peninsula was arranged on this principle.
The township lines were to be run by Mr. Burt, or under his supervision, while the subdivisions were to be made by other deputy surveyors-Dr. Houghton having the especial control of the whole. All
rocks crossed by lines were to be examined, specimens taken, and the
exact locality noted, while at the same time as much information as could
be obtained was to be collected in relation to the geological and topographical features of the country. The detailed arrangements with regard to
the collection of speeimens, and the plan of accompanying the sur·
veyors along the lines by a special barometrical observer, were admirable.
This system had been fairly organized, and the field-work of one season
nearly completed, when his INelancholy death, by drowning, on the
night of October 13, 1847, occurred. Most of the 1:esults of his extended
personal observations were thus lost to the world, and the system was
gradually abandoned, though for some time the linear surveyors were
required to make geological observations; yet, as they were not systematized
by any person familiar with the science of geology, the results wer~ never
laid before the world in an available form, although much information of
value was placed in the possessiO!). of the department.
Dr. Houghton was a man of indomitable energy and perseverance, and
fervently devoted to the cause of science. Had he lived to complete this
great work, . he would have erected an enduring monument to perpetuate
his name. He d.ied in the discharge of his duty, prematurely for the
cause of science, prematurely for his own fame.
The lands composing the Lake Superior district were acquired by the
United States by virtue of the followmg treaties:
1st. With the Ottawas and Chippewas, concluded March 28, 1886ratifiecl May 27, 1836-by which were ceJ.ed the lands bounded on the
north by Lake Superior, on the eastby the St. Mary's river,onthe south
by Lake Michigan, and on the west by the Escanaba and Chocolate
rivers.
2d. \Vith the Monomonees, coneluded September 3, 1836-ratified February 15, 1837-by which was ceded a tract bounded on the east by the
Escanaba river, on the south by Green Bay, on the west by the l\'lonomonee river, and on the north by an irregular line extending from the mouth
of the Brule to the head- waters o the Escanaba.
3d. With the Chippewas of the Mississippi and Lake Superior, con-
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eluded October 4, 1842-ratified March 23, 1843-by which was ceded
the remainder of the district washed by Lake Superior on the north, and
extending west from Chocolate to Montreal river, and southerly to the
boundary between Wisconsin and Michigan. In this cession Isle
Royale was also included.
Each ofthese treaties, however, embraced other lands than those described.
Shortly after this last cession, applications were made by individuals in
different parts of the Union fur permission to explore and locate any tracts
supposed to contain valuable ores. These applications were granted by
virtue of a joint resolution of Congress, passed as far back c.t.s 1818, in
reference to the "lead lands" of lllmois. The applicant in the :first instance was allowed to select a trac.t of three miles square; but this was
subsequently modified, limiting him to one mile square. He was required
to make the selection within one year, to mark the corners thereof, to
leave a person in charge to point out the bounds, and to transmit to the
proper 9-epartment a description and plat of the same. On the receipt of
this plat the applicant was entitled to a lease for the term of three years,
renewable for an additional term of three years ., provided Congress did
. not otherwise direct; annexed to which were certain conditions: the most
important were, that the lessee should work such mines with du~ dJligence and skill, and render to the United States six per cent. of all the
ores raised-to be delivered at such points within the district as the latter
might indicate.
· The Committee on Public Lands of the 29th Congress, 2d session, decided that the Department of War had no authority to grant leases of copper mines, and recommended that these tracts be surveyed and sold.
· On the 6th of May, 1846, in conformity with the decision of the President of the United States, the further issue of permits was suspended.
The whole number of permits granted under the authority of the Department of War amounted to about one thousand-nine hundred and
sixty-one of which were located. Sixty leases for tracts of three miles
square, and three hundred and seventeen for tracts of one mile square,
were perfected, and mining companies organized under them. '*'
At the subsequent session of Congress an act .was passed, entitled "An
act to establish a new land district 7 and to provide for the sale of mineral
lands in the State of Michigan," approved March 1, 1847.
By the first section of this act, all of that portion of the public lands in
the State of Michigan lying north of the boundaries of the Saginaw and
Grand river land districts in the State, known as the northern peninsula,
with the islands in Lakes Superior, Huron, aild Michigan, and in Green
bay, the Straits of Michillimackinac; and the river St. Mary's, within tll'e
jurisdiction of said State, was included in one land district, to be called
the Lake Superior land district.
The second section provides that the Secretary of the Treasury cause a
geological examination and survey to be made and reported to the Commissioner of the General Land Office; that the President be authorized to
cause such of said lands as may contain copper, lead, or other valuable
ores to be exposed to sale, first giving six months' notice of the times and
places of such sale in such newspapers of general circulation in the several
~Report
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States as he may deem expedient, with a brief description of the lands to
be offered-showing the number and locality of the mines known, the
practicability of discovering others, the quality of the ores, the facilities for
workihg the mines, and the means and expense of transporting their pro~
ducts to the principal markets of the United States; and that all of the
lands in the said district not reported as mineral be regarded as agricultural.
The third section secures the rights of those persons in possession by
occupancy under permits, or leases, from the Secretary of War. The other
sections of the act in no way relate to the objects of the survey, and arecital of their provisions is omitted.
Prom the time of the issuing of the permits the business of mining has
been prosecuted with v'igor, and in many instances with success. The
day is not distant when the product of these mines will supply the home
demand, and add much to the national wealth. In a business like this,
proverbially uncertain the world over, there have been many failures,.
many schemes of wild and extravagant speculation, and many plans of illadvised and ill-directed mining, which have resulted in the ruin of those
engaged in them. Extravagant expectations were held out in the commencement, which the mining experience of the world declared could
never be realiz€d.
These, however, have passed away, and the business has settled down
into a regular, methodical pursuit, affording an admirable field to the
mining engineer for the display of skill and judgment, and yieldiug to the
adventurers a reasonable return for the capital invested.
In the spring of 1847, pursuant to the provisions of the above-recited
act, the Secretary of the Treasury appointed Dr. Charles T. Jackson to
execute the required survey. After having spent two seasons in the
prosecution of this work he resigned, and its completion was confided to
Messrs. J. vV. Foster and J. D. Whitney, the results of whose observa ..
tion~ will be found embodied in the subjoined report.
.
In the prosecution: of this work they have been aided by Messrs. S. ·w.
Hill and Edward Desor, as first assistants, by Mr. ·william Schlatter as
draughtsman, and Mr. -w. D. -\Vhitney a~ botanist.
The aid of Mr. Hill has been of the most essential service. His long
residence in the district and his connexion with several public surveys in
the Northwest, had given him opportunities of collecting a large fund of
information, which has been cheerfully contributed to this work. His
measurements and plans of the n~ines, his observations on the phenomena
of veins, his contributions to the boundaries of the rocks, as illustrated on
the accompanying maps, ;;~.nd his thorough an@ laborious explorations during
his connexion with the survey, are all gratefully ackn(!)wledged by_the
geologists in charge.
The phenomena of the drift and alluvial deposites of this region have
been ably investigated by 1\'Ir. Desor, and the results of his observations
will be found embodied, by him, in that portion of the work which relates
to the superficial and transported materials.
His previous investigations of the drift in parallel latitudes in western
Europe, and of glacial action as manifested in the Swiss Alps, afld the
formation of shoals along the coast of the Atlantic as obsel'ved by him
during his connexion with the Coast Survey, had qualified him to enter
upon this field with every proopect of success.
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V\' hen it is considered that the agricultural capacity of a soil results
n ot so much from the decomposition of the subjacent rocks as from the
superficial deposites strewn over the surface, which have been derived in
most cases from sources far remote, it will be found that an undue prominence has not been given to this subject. Besides, an investigation
into the sources of these materials, and the agency by which their transport
has been effected , forms one of the most interesting chapters in the physical history of the earth.
The results of his observations on the fauna of this region will be communicated hereafter.
The execution of the maps was confided to 1\'Ir. vVilliam Schlatter, and
we do not pay him an underserved compliment when we say that he has
completed the work with consummate skill and ability. Much of this work
has been executed in the midst of the forest, beneath the shelter of a tent.
The investigations of Mr. W. D. Whitney were mainly directed to the
.Jlora of this region. His remarks on the nature of the forest trees, their
geographical distribution and the economical uses to which they may be
applied, will be incorporated in a subsequent report.
Before concluding this ira.troduction we desire to return our thanks to
the several captains of mines for .their hospitality and for the facilities
afforded us in investigating the phenomena of veins. Without exception,
we have found them intelligent and ready to communicate all of the information in their possession.
To the linear surv-eyors, particularly to Mr. John Burt, we desire to
~·ender our thanks for the communication of valuable information.
'ro the late surveyor general) Ron. Lucius Lyon, of Detroit, we also
desire, in a public manner., to express our thanks for his promptness in
furnishing plats., and for other aid rendered in the prosecution of this work.
We are fully aware that this report is, in many respects, defective; such
a s must necessarily result from the investigation of a wild and almost
unbroken wilderness, with limited facilities at Gur disposal. We trust,
however, that we have accomplished something in elucidating its true
geological structure and its vast mineral resources~
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CHAPTER I.
PHYSICAL GEOGRAPHY.

Boundaries of tlw Lake Superior land district.-E:dent nJ the lake.Istands.--Harbors.-~ Bays.· Coast.--Michi[!an.--Extent.--BayH'.
-Islands.-Huron.-Rivers.-Mountains.-Table of lteights.
The region which forms the immediate subject of this report is bounded
on the north by Lake Superior, on the east by the St. Mary's river, on
the south by Lakes Hnran and Michigan, and on the west by the :\1ontreal and Menomonee rivers, including the several islands belonging to
the United States, and within the jurisdiction of Michigan. It is known
as the Lake Superior land district, and contains an area of 16,237 square
miles.
It is included between latitude 45° and 49° north; and IongitndP. 83°
45' and 90° :53' west from Greenwich. Its coast, more than 800 miles in
extent, is washed by three of the great North AmeJican Jakes.
Lake Snperior, the largest expanse of fresh water on the globe, contains
32,000 square miles. Its surface is elevated, according to Captain Bayfield, of the English Admiralty survey, 627 feet above the ocean-level,
while portions of its bed are several hundred feet below; thus forming one
of the deepest depressjons in the surface of the earth, excluding those
portions covered by the oceanic waters. Its coast is 1,500 milns in extent;
its maximum length, from Gras Cap to Fond-du-Lac, in a direct line, is
355 miles; its maximum breadth, from Grand island to Neepigon bay, 160
miles.
The shape of the lake is very :irregular, its widest expan~ion being near
the centre, while its extremes are contracted. Its 11orthern shore is rocky,
affording many bold headlands, and many deep and spacious bays. Numerous groups of islets gird the coast, which · appear to be peaks, o:r
aiguilles, connecting with the main rock far below.
Of the larger class may be mentioned St. Ignace, at the outlet of Neepigon bay, 1,300 feet in height; and Pie island, at the outlet of Thunder
bay, which rises to the height of 850 feet. They are both composed, in
the main, of rocks of igneous origin, and present bold and picturesque
outlines.
The southern coast is studded with fewer clusters. 'rowards the head
of the lake there is a group known as the Apostle islands, composed of
sandstone, and attaining an inconsiderable elevat.ion. 'rhe channels between them afford good harbors, acces~ble from every point. La Pointe,
situated on Madaline island, is already a place of some commerce.
Grand island, about midway between the extremes of the Jake, affords
one of the finest and most btautiful harbors in the world. Its noTthern
shore, where exposed to the surf, is li~ed with high cliffs of sand:;;tone;
but the southern portion slopes gradually to the water's edge.
Towards the eastern extremity are several low islands, composed of
sandstone, which are of no great importance.
In addition to these are two remarkable islands in the midst of the
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lake, both of which are due to volcanic action. These are Isle Royale
and lVIichipicoten; the former belonging to the United States, the latter to
Great Britain.
Isle Royale is situated in the northwestern part of the lake, being intersc~ted near the centre by the 89th degree of west longitude, and the 48th
of north latitude. Its course is northeast and southwest; its length
about forty-five mites; its width about tight mites; its area two hundred
and thirty square miles.
It is traversed by numerous parallel ridges, running with the course of
the island, which nowhere attain an altitude of more than 600 feet above
the lake-leveL At the northeast extremity they are prolonged beyond
the main lund, and resemble the fingers attached to the human hand.
These fingers aflord sate and commodious harbors. The numerous long
and narrow inlets which indent the coast result from its geological structure. Alternating bands of soft amygdaloid and hard crystalline green·
stone, which Dppose unequal resistance to the action of the elements, have
contributed to form the peculiar outline of the coast. Powerful cnrrents,
at no remote epoch, swept over the if'land in a southwesterly direction,
which ground do'ivn the softer beds and polished and grooved the harder,
to their very summits. So thorough was this process, and so slightly
have the harder materials, in the lapse of time, yielded to the ordinary
action of the elements, that thP-se grooves can be observed over surfaces
of great extent, sharp and well-defined. No tree takes root upon these
polished surfaces; the liehens even cannot find BUstenance. The island
everywhere presents a desolate appearance. Barren rocks; a dwarfed
growth of cedars and birches, hung with drooping moss; abrupt cliffs,
impassab{e marshes-these ar~ the striking characteristics. The caribou,
the lynx, and the rabbit are among the few animals that roam over its
surface; the hawk, the O\vl, and the pigeon represent the feathered tribe.
"\Vhere the Igneous rocks prevail we find deep and spacious inlets,
among which may be mentioned \'Vashington harbor on the west, Todd's
harbor and .McCargoe's cove on the north, the deep recesses formed by
Locke's poi11t, Blake's point; and Scovill's point, on the east, and Rock
harbor, Chippewa harbor, and. Siskawit bay on the south. 'rhe southern
point of the latter bay: which consists of sandstone, is approachable from
tile southeast, an<.l also from the south, by a narrow and intricate chanuel.
It abounds in hidden reefs, running parallel with the main land.
The numerous ridges which traverse the island longitudinally are uniformly bare and preeipitous ou the north west and sloping on the southeast ..
The iutervals are occupied by small lakes, wet prairies, or cedar swamps. '
Michipicoteu is situated in the northeastern portion of the lake, It is
eighteen mites in length, and rise~ to the height of eight hundred feet
above the water. It is a mass of green~tone, and one of the points
selected by the Que1Jec Company for mining operations.
In the midst of the lake is a remarkable islet, known as Stannard's rock,
so called in honor of Captain Charles C. Stannard, by whom it was discovered in 1844, while sailing the brig Astor.
lt has been err,)neously described as an isolated peak or needle, shootine- up from the bottom of the lake, and affording deep soundings on
every side. Such, however, is not the case. It ris~s about four feet
above the water-level, and exposes a surface of fifty feet in length and
twenty in breadth. During a storm the waves sweep f.rver it, but its posi-
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tion is indicated by a long line of breakers. Professor Mather, who VIS·
ited it in1846, thus describes it in some MS. notes communicated to us:
"A dangerous shoal extends a mile or more to the NNE. of the rock, and
another, as indicated by the rippleJ td the NNW. In approaching it, we
passed over numerou~ ridges and deep troughs between-tlre rocky bottom plainly in view from ten to fifteen and twenty feet below the surface.''
'"ro the south and southwest of the rock the water is deep, even at its
base. It is a sandstone of a dark red color, and somewhat metamor.
phosed by heat, and disposed in nearly horizontal layers. Its bearings,·
from the most reliable information~ are, from Manitou island, at the head
of Keweenaw Point, SE.! E. 27 miles; from Point Abbaye, E. by N.
! N. It lies in the direct route between Grand Island and Keweenaw
Point, t:~o that it is nece-ssary for the navigator to make a detour to avoid it.
'fhis is the only reef known to exist in the midst of Lake Superior,
and it is a matter of surprise that it remained so long undiscovered.
Professor lVlather states that ,at the tirne of his visit a strong current was
setting eastnrard, which drifte.d the vessel more than half a mile fi·om her
course. rrhe lake was calm and the breeze light; the approach to the
rock, th erefore , is dangerous even under the most favorable circumstances.
The n(lrthern shore is much more deeply indented than the southern.
Among the deepest of these indentations ma,y be mentioned Neepigon,
Black and Th nnder bays, which, for the most part, are lined with elevated ridges extending down to the water's edge. No place in the northwest presents a view of greater magnHicence than is afforded in the vicinity of Fort William. Blackened walls of slate and trap, covered with a
dwarfish growth of cedar and birch, are seen on every side. To the
south Pie island rises out of the lake, like an immense eastle, to the
height of 850 feet: to the west, McKay,'s mountain, a thousand feet in
height, overhangs the valley of the Karninistiquia, its flanks composed of
basaltic columns as regular as those of Staffa: to the east, rrhunder cape,
1,350 feet in height, with unbroken difts ext(~nding for seven miles, resembling a vast colonnade, juts into the lake, beyond which the eye rests
upon a dark expanse of water bounded only by the horizon, while to the
north serried ranges of mountains rise. cine above the other until their outlines are dimly traced against the sky.
The general trend of the southern coast is east and west, to which,
however, Keweenaw Point forms a remarkable exception. Starting from
its base, it projects for fifty miles into the lake, taking a northeasterly di. rection; then curving inwardly, it pursues for twenty miles an easterly
course, terminating in an abrupt headland which rises to the height of
8()0 feet above the lake. 1--,his configuration is due to a range of trappean
hills, which in th~ir widest expansion do not exceed twelve miles, or
attain an e'levation greater than 900 feet above the lake.
The southern coast is less rock-bound and irregular than the northern.
·'rhe principal indentations are Chaquamegon bay, Keeweenaw and
Huron bays. This difference · in the character of the two coasts results
from the diversity in their geological· structure.
Where the rocks consist of different degrees of hardness the coast presents numerous inlets, bays, and harbors, with deep but narrow channels;
but where the rocks are of nearly uniform consistency, the shores are
gently curved, the bays wide, and the harbors sparse. rrhus it will be
seen, by inspecting the geological map, that where the igneous rocks pre-
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vail, the coast is finely indented; where the sandstones preYail, the coast is
gently curved. Copper harbor, Agate harbori and Eagle harbor are excavated in a belt of amygdaloid, included between two belts o'f conglomerate, which offer greater resistance to the action of the sea and the
atmo:-:phere. A stream or a fissure may have served originally as an inlet
to the waters, whose excavatory power was circumscribed by the harder
and firmer sedimentary rocks.
Between Eagle harbnr and the Montreal river the coast, composed of
sandstone, presents no projecting headlands, no sheltered bays. To the
east of Keeweenaw bay there are se,reral bold projections which result
from the joining of rocks of uuequal resisting power. 'rhe heads of the
promo1ttories generally consist of granite or basalt, counerted with the
main land by low and narrow spits of sandstone. Granite Point and
Presqu' lsle are examples of this kind. Within the present century the
connecting liuk lllay be severed, and the promontories become iusulated
like the Huron islands, which at no remote epoch were undoubtedly connected in a similar manner with the main land.
Lake Superior occupies an imrnense depression, which has been for the
most part excavated out of the soft and yielding sandstone. Its configuration on the east and north has been determined by the irregular hel t of
granite before Iwtieed, which forms a rim effectually resisting the further
ena.roachments of its wate s. Limited patches of sandstone, such as
Caribou, Parisien, and Maple islands, have escaped the process of demolition, and indicate the ancient limits of the detrital rocks.
Tbe configuration of that portion of the lake lying west of longitude
88° appears to have been caused by two axes of elevation extending in
parallel lines from the nortiLeast to the so nth west, which upraised tbe
sandstone, causi11g it to form a synclinal val~ey. Another Yalley of a like
character occurs south of the trap range of Keweenaw Point and the Ontonagon reflion, in which the water has excavated a deep aud spacious
bay; but its encroachments are limited in that direction by the granite
bosses of the Huron mountains. Let any one who doubts that the configuration of the lake resnlts from geological causes consult the map of
this region, and he will be satisfied that all the projections and indentations of the coast conform in a remarkable degree to the main lines of
upheaval.
The southern coast of Ibis district is washed by the waters of Lakes
Huron aud Michigan. The superficial area of the latter is nearly a third
less thau that of Superior, being twenty-two thousand square miles,
while iu depth it is not much inferior. It is elevated five hundred and
seventy-eight feet above tide-water, and depressed forty nine feet below
Lake Superior. Phe rocks which compose its rim are of a sedimentary
nature, aud afford few indeutaLions suitable for harbors. 'rhe immediate
shores are low, aud lined iu places with immense saud-banks. The water
shoals gradually in approachiug the coast. Green Bay in other countries
would be regarded as a lake of great magnitude-its length being one
hundred miles, its average breadth twenty. Great and Little 'rraverse
bays occur in the eastern coast, and Great aud Little bays d 'Enoch in
the northern. 'l'he maximum length of the lake is three hundred and
twenty miles, its maximum width one hundr€d, and its circumference
somewhat less than one thousand miles. Its form is oblong, with much
uniformity in its outlines. The islands are sparsely distributed, aud

attain an inconsiderable height. Two clusters occur--one at the outlet
of the main lake, the other at that of Green Bay.
Lake Michiga11 is connected with Lake Huron by the Straits of Mackinac, forty miles in length, and four in breadth. At the narrowest point
within this strait there are t\vo conside:mble islands-Bois Blanc and
:Mackinac. The fonner is a low, wooded island, twenty-five miles in circumference.
Mackinac is only about three miles in diameter, and rises to the height.
of three hundred and fifteen feet; it is walled on every side by bare cliffs
of limestone, which afford many scenes of picturesque beauty. As a
military post, it may be considered as the Gibraltar of the lakes. Formerly it was ,o ne of the principal depots of the American 1:<-,ur Company;
but of late years the traffic has rapidly declined. 'rht> commanding position of MacKinac did not escape the keen eye of the Jesuits. Dablon
speaks of it, in 1670, as the centJe of three great lakes; and from that day
to the preser1t it has been an important point-a sort of council groundin the negotiations bet\veen the two races. The harbor is excellent.
'J1here is nothing to make this island a plaee of any great commercial importance; but had the government relinquished the fee of the lands, it
would have presented a far different appearance from what we now behold. .MichimaQkinac signifies big turtle, so called from a fancied resemblance in the contours of the i~land to the fiwm of that animaL
Lake Huron is little inferior in dimensions to Michigan, its greatest length
being•two hundred and sixty miles; its greatest breadth one hundred aad
sixty. Its circumferenr.e is eleven huudred miles; its area twenty thousand
four hundred. Its shape is that of an inverted cone. Georgian bay, one
hundred and ' seventy miles in length and seventy in breadth, forms the
northeastern portion, and lies exclusively within the British jurisdiction.
Saginaw, a cleep::md wide-mouthed bay op the western coast, is the principal
indentation. 'I'he rim of the lake is composed fm the most part of detrital rocks, which are rarely expos10>d. In the northern portion of the
lake, however, the trap rocks on the Canada side intersect the coast.
The waters possess great transparency, and extend to a depth not surpassed by those of Superior and Michigan. They rarely attain a temperature higher than 50°, and are stocked with fish of the finest flavor,
The surface exhibits the dark- blue, m blue-black, so characteristic of the
ocean.
The northern coast, in the viciuity of the outlet of the St. Mary's,.
abounds iu numerous clusters of islands, which form the most attl;aciive
feature in the landscape. Captain Bayfield is said to have. landed on ten
thousand, in Lhe prosecution of his survey, and to have estimated the
whole number at thirty thousand.
rrhe following table, with some alterations, exhibiting the area, elevatioll above the sea, and depth of the five great lakes, is taken from thQ
report of S. ·w. Higgins on the topography of Michigan~
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Lakes.

Superior •.•..•.... ~ ~
:Michigan .........' ..
Huron .•..••.......
Erie ..•. ~ .....•.....
Ontario ........... ,. •
Total. .. .........

23

Greatest
length.

Greatest
breadth.

•!tl'i/e .~.

.Miles.

Fut .

Feet

355
320
26U
240
180

160
100
160
80
35

900
900
900
84
500

627
578
578
565
232

....... ·• .

Mean depth.

Height
Area in square
above sea .
miles.

....... +...............

32,000
22,000
20,400
9,600
6,300

-----

90,300

,

Tbe entire area drained by these lakes is estimated, on the same authority, at 335,515 square mites.
'rhis district is a part of that immense plain bounded by the Appalachian chain on the east, and the Rocky mountains on the west, and extending north and south from the Gulf of Mexico to the Arctic sea. lls
mean elevation above the sea is less than a thousand feet, and its culmiaating points nowher-e exceed 2,500 feet. 'T'hey can hardly be dignified
witlllbe name of mountain chains, but may be regarded as the mor-e elevated. portions of a gently rising and widely exrended plateau.
The beds of the great lakes are depressions, reaching far below the
ocean Jevel.
In this plain, with their branches interlocking, the two great rivers of
North America have their origin-the Mississippi and St. Lawrence; the
one discharging its waters, through many mouths, into the Gulf of Mexico; the other expanding into a gulf many hundreds of miles in extent before it becomes merged in the ocean.
These rivers are as diverse in - character as in direction. The
Missisgippi is the longer, but the St. Lawrence discharges the greater
volume of water. The one abounds in diifi ~ ult rapids, the other in stupendous cataracts-the one is subject to great fluctuations, the other
preserves an almost unvarying leveL The waters of the one are turbid;
those of the other possess an almost crystal purity. The one affords few
lake-like expansions; the other swells into vast inland seas. Both have
become. the great highways of commerce, enriching the regions through
which they flow, and supplying the inhabitants with the varied products
of distant climes.
Lake Sttperior is fed by more than 80 streams, none of which attain any
considerable magnitude, and are adapted only to canoe navigation.
Those which flow down the northern slope of thA basin are longer than
those o[ the southern, and the water, being more exposed to the direct rays
()f the sun, possesses a higher temperature. ,.-rhey all have rapid descents,
.and, flowing over rocks which oppose great resistance to the action of
water, abound in falls and rapids. The carrying-places around these
.obstructions are known as "portages." Communication throughout the
northwest between distant points is eff~cted almost entirely with the
canoe. It serves the same purpose as the ship on the ocean, or the can1Pl
on the desert. rrhis kiud o.finland navigation has created a class of men of
marked peculiarities, known as voyageurs~ They are a hardy race, pa-
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tient of toil, and cheerful under the most untoward circumstances. In
their frail barks they pass from Lake Superior to the Mississippi, to Hudson's bay, to the Pacific, and even to the Arctic ocean.
Rivei·s.-Rivers are the great arterial features of our globe; they define
the valleys, give boundaries to the· hills and mountain ranges, and if
traced to their source, enable us, with the aid of a few well determined
culminating points of contiguous ranges, to trace upon our charts the
general feature of the country through which they flow. * This knowledge is particularly desirable at this day, when rapid communication is
sought between distant points by means of railways. By barometrical
observati(i)ns extended over most of the district the elevation of the watershed line has been determined. These will aid in the sdeetion of the
most praeticable route between the two Jakes; and enable the observer to
form a pretty eorrect idea of the physical features of the region.
The following diagram shows the course of the water-shed in this district. It is represented by the irregular dotted lines :.

LAKE

MICHIGAN

It will be seen that the streams flowing into Lake Michigan, in the
eastern portion of the district, head near Lake Superior. Proceeding
west, the line is deflected from the upper lake, and another line diverges
towards the northeast. The main line is due to the upheaval of the
granite; the secondary line to that of the trap.
We will describe the rivers of this region in their order of succession ~
rather than with reference to their magnitude.
1'he Montreal is a river of no great magnitude, being · navigable above
the falls at its mouth by canoes only during the time of flood. It is formed
by the ur:ion of the Pine and Balsam rivers, thirty-four miles above its
mouth, following its meanders. At this point, according to Captain Uram,.
it is eight hundred and tour feet above Lake Superior. Flowing over had.
unyielding rocks, it abounds in numerous rapids and cataracts. Near its
meuth it is precipitated eighty feet over a sandstone ledge. ~,our miles
up, there is another fall of about the same height, but much more picturesque. The aboriginal name of this stream is Ka 1vas'iji waug-sepi, or
vVhite Falls river.
The Black and Presqu'Isle al e streams of considerable magnitude,.
which have their sources in the granite near the southern 1imits of the
""Captain F. W. Beechey, R. N.-Manual of Scientific lnqutry, art. "Hydrography.'
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district. They flow t1orthwesterly, and, breaking through the trap range,
discharge themselves into Lake Superior.
']'he Onton.agon-or Nantonagan, according to the orthography of the
Jesuit map-is the largest of all, of the streams within this district which
flow into Lake Superior. It has three principal affiuents which combined, drain an area of not less than thirteen hundred square miles.
'rheir sources are found near the southern limits of the district, interlocking with those of the Chippewa and Menomonee. One of the affluents of the west branch drains a large inland lake, known as Agogebic or
Little Fish lake, which lies about seven hundred feet above the main lake.
The waters are clear, c1 :ld, and deep, and swarm with fish of the finest
flavor. After leaving this lake, the course of the stream is northeast along
the jrmction of the sandston(~ and trap , until it unites with the main river,
and has, in pl tres, excavated a channel in the sandstone to the depth of
one hundred feet. After this junction the combined stream turns abruptly
to the north, flowing across the trap range in a natural depression,
through which it finds its way to the lake. The southern and eastern
branches, for a greater portion of their courses, flow through a country
deeply covered with stratified cbys, and their channels are excavated in
the yielding beds. The banks in places rise to the height of one hundred and fifty feet, and are so precipitous that it is a task of great labor
to clamber to their tops. The depth of water in each of these branches
is sufficient to float a canoe, but numerous portages occur in consequence
of the great accumulation of drift-wood. Some of these "rafts" are fifteen
rods in extent.
At the mouth of the Ontonagon there is a sand-bar, on which there is
ordinarily from five to six feet of water. During the spring-flood this bar
is of'ten washed away, but it is reformed by the northerly winds, which
drive in a heavy sea. The extension of piers from this point for the distance of four hundred feet seaward, so us to confine the current within a
narrow compass, would remove this obstruction and render the entrance
at all times accessible. The bar once passed, there is a spacious harbor
two hundred and fifty feet in width and eight miles long, with a uepth of
water between twelve and fifteen feet. rrhe mouth of the rh'er has already
become a place of much importance, and an improvement of this kind
would be of great value to this portion of the mining region, although its
construrtion would be a work of much labor and expense. The uearest
points where vessels can take refuge in a storm are La Pointe and Eagle
Harbor, each of which is about seventy-five miles removed.
A keel-boat seventy-five feet in length, and capable of carrying ten tons,
plies between the mouth of the river and the .Minnesota landing, di:jtant
fifteett miles. 'rhree miles below tbis point occur the Grand rapids, which
present a very serious obstruction to the navigation. These, however,
have beeu so far improved by removing the boulders from the chanuel,
that boats can ascend by poling or warpiug.
BetwP.en Keweenaw Point and the Ontonagon there are several small
streaUJs, which have their origin in the trap range and flow northward iuto
Lake S1tperior. ~heir desceut is rapid, and they afford an abundant supply of hydraulic power. Two inconsiderable streams occur 11ear the head of
Keweenaw Point, Eagle and lHontreill ri\rers. ,..rhe former flows along a
longitudinal valley for a distanr.e of six miles, then breaks through the
trap range at nearly right-angles with its former course, and is precipitated
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into the lake. It is the only stream of any magnitude in the vicinity of
the mines on the Point, and its waters have been already employed in
the washing of the ores.
The Little Montreal flows through a longitudinal v;alley between two
ranges of trap, and enters the lake a httle below the eastern extremity of
the point.
The Sturgeon, with the exception of the Ontonagon, is the largest river
on the northern slope of the axis between Lakes Superior and Michigan,
and its sources are elevated more than a thousand feet above its outlet.
The area drained by its tributaries is five hundred and seventy-five square
miles. For the first twenty miles its course lies through the granite and
metamorphic rocks, and the desce:qt is rapid; after that it enters a broad
and slightly uudulating plain deeply covered with transported materials,
and discharges itself into Portage lake. Its entire length, including its
sinuosities, is not less than sixty-five miles. For the last fifteen miles of
its course, it runs parallel with Keweenaw bay. Between its mouth and
township 51, range 34, its eourse is very tortuous. Its banks are composed
of clay, with pebbles intermixed, and rise from six to eight feet above its
surface. Its width at this point is about one hundred and .fiHty feet, its
depth about four feet, and a luxuriant growth of forest trees, consisting of
elm, maple, linden, and black ash, lines its banks.
After crossing the correction line the country changes in its character.
The ravines are numerous and deep, and the ridges of sand and clay atiain a higher altitude. A change is also observable in the forest trees, the
cedar, fir, and white birch suppla1iting the elm, the maple, and the
ash.
One of our party, Mr. Hill, ascended this river in a canoe for a distance
of twenty-five miles. His progress was occasionally obstructed by driftwood, around wbich he was compelled to make portages. The lower
portion of this valley may be regarded as among the best agricultural
tracts in the northern peninsula The Sturgeon has, in the course of
ages, formed a delta at its mouth about four miles in extent. It contains many lagoons, which at one time formed the bed of the river.
This bottom annually yields a luxuriant crop of blue -grass, which is
mowed and conveyed to L'Anse,*
Portage lake, which may be regarded as an expansion of Sturgeon river,
lies in the form of a rhomb at the base of Keweenaw Point. It is about
eighteen miles in circumference, and has three principal arms--one connecting with Keweenaw bay, another with Torch lake, while the third
extends to within a mile of Lake Superior, on the northwest side of the
Point, across which there has been a portage from time immemorial.t
*L'Anse properly sigr1ifies "the bay, or creek," but throughout this re~ion · it is applied to
desi~mare the settlement" at the head of Keweenaw bay.
These consist of a Catholic mi<'sion
on the west side, and a Methodis t. mission on the tast, T.ht>re are about four liUnclred souls,
c.onf'il"tipg of Indians, half-breeds, and whites; the first largely predominating, Their pursuits
c nsist in fishing and hunting; cultivating, however, pa1ches of potatoes, for the growth of
which the soil is admirably auapted, At each mission there is a school. The gove ··nment
emrloys a blacksmith, a carpenter, and a farmer, w~ose dnties are to aid and instruct the ln·
dians in their respective arts. Thne are al:<o three or four traders who furnish the Indians with
goods, in exchange f,Jr fLh and peltries At the head of the bay IS a saw-millowr:ed by Mr.
Bn::;well, which annually turns out twenty thousand feet of lumber, worth from ten_ to thuteen Jollars per thousand at the mill.

t F ather Rene Mesnarcl waf'! lost while crossing this portage, on the. 20th of Au~u,t, 1661.
It is strange that no hendland, ot· lake, or bay, throughout this vast region, bears the honon:d
name of him who was the first white man to explore them.
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By pursuing this route between La Pointe and L'Anse, the distance is
shortened about eighty miles. The river connecting Portage lake with
Keweenaw bay is about four miles in length, being broad and deep. The
water on the bar at the mouth, however, is but about four feet deep.
Between Keweenaw bay and White-Fish point there are no large rivers.
The principal streams are the Huron, Dead, (Du Mort,) Carp, Chocolate,
La Prairie, and Two-Hearted. 'J1hey have their sources near the lake,
and descend rapidly, affording abundant water-power. They are not
navigable for canoes even, except for short distances, but their mouths,
for the most part, afford tolerable boat harbors.
The Tequamenen is among the largest streams on the northern slope.
Its length is sixty-five miles, and the area drained by it not less than six
hundred square miles, and its course is nearly parallel with that of the lake
coast. It can be ascended to the foot of the falls fifteen miles up, in coasting boats, and still further in canoes by making portages around the obstructions.
Passing to tbP. southern slope of the axis, the 1Vlanistee is the principal river in the eastern portion of the district. It drains a flat, swampy
couutry, about 1,300 square miles in extent. It has four principal a:flluents which eome in from th~ northwest, some of whose branches head
within five miles of the Lake Superior coast. Over this area are scattered
numerous lakes which serve as reservoirs to colleet and retain the superfluous water.
The White-Fish, Escanaba, and Fort rivers flow into Little Bay
d' ~·~nodt. Each drains an area varying between 400 and 500 square miles,
and all may be ranked among the second class rivers of this region.
Their banks are covered with pine forests, and large quantities of lumber
are annually shipped to Chicago and other ports.
The Menomonee, which forms in part the boundary between Michigan
and ·wisconsin, is the largest river within this distri~t with the exception
of the St. Mary's. Some of its sources lie within fifteen miles of Lake
Superior-its outlet is two hundred miles distant. Its eastern branch,
called the Machigamig, or river flowing from a big lake, rises in the Huron
mouutains, which are 1,249 feet above Green bay. After crossing the
summit ievel in township 48 north, range 32 west, there are a series
of natural meadows covered with grass, through which flows a small,
clear stream, across which one may leap with ease. After pursuing this
for about three miles, we come to where it discharges itself into a small
lake called by the Indians, Sagia:;{a;ns. This is the head of canoe navi.
gation between Keweenaw bay and Green bay of Lake Michigan,~ and
lies 1,0-19 feet above that lake. There are two other lakes in close proximity, connected together by tortuous streams. A sharp range of granite
hills bouuds them on the north, while to the south the country is level
and marshy. Between the second and third lakes occurs Portage No. 1,
three-fourths of a mile in extent, and on the right bank of the stream.
"'In the fall of 1848 we passed over this route to Green Bay. Our canoe was borne by two
voyageurs from L'Anse to this point, distant twenry-nve miles, over elevations 1,200 feetahove
the lake, throu~h cedtr swamps where for miles we had to hew our way, and wade throu~h
meadows knee-deep in water. It was 11 herculean feat of stre •·gth and endurance, accompltshed
in little more than two days; and Aginuos, whose shutJlders bore the bulk of the burden, deserve::~ to be parricularly narned
As this route is practicable, but never travelled except
by Indians, we will describe it with some mmutene.;;s,
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'I,he descent is twenty-four feet-the·channel being filled with numerous
boulders. Portage No. 2 is on the left bank of the stream, a short distance above the point where it discharges itself into the Mac.hi-gummi, or
Big lake, (section 25, township 4t5 north, range 31 west.) •The Portage
is three-fourths of a mile long-the descent twenty nine feet.
Machi gummi lies 1,014 feet above Lake Superior. It occupies the entire lengtil of township 48, range 30, and in its southern prolongation
extends into the adjoining towiD.ship. On the north it is bordered by a
range of hills rising in conical knobs to the height of two hundred feet:
on the south, the country is less elevated. Its surface is dotted with
nunwrous small islands rising up dome-shaped, with much regularity of
outline. These summits are cJ.othed with a dwarfish growth of cedar and
fir, while their sides exhibit blackened masses of hornblende.
This lake is seldom visited by the white man, but the Indians resort
here to bunt and trap. Along its shores are valuable deposites of iron,
and its solitude may be disturbed within the present centray by the
sound of the forge-hammer and the puff of the steam-engine.
At the outlet of this lake the stream becomes augmented to the width
of sixty feet, with an average depth of two feet; and the descent is very
rapid: the water is highly colored, and flows over a gravel bed.
About a mile. below the outlet occurs the third portage, on the left bank
of the stream. It is a mile in length; the descent 35 .feet. The bed of
the stream is filled with boulders of hornblende and granite. Portage
No.4 occurs in section 7, township 4.6, range 2~, on the left bank. Length
half a mile, descent 14 feet.
Between these two portages the river is confined within narrow alluvial
banks, but it occasionally enlarges into lake-like expansions \vhich are
friuged with tall grasses. These become tbe resort of innumerable water·
fowl, while the wooded banks are the chosen haunts of the beaver and
otter. Pealed sticks of yellow birch, often seen floating in the stream,
indicate tbe proximity of the former, while numerous "slides" in the
plastic clay--banks show that we were in the neighborhood of the latter.
This portion of the country: though elevated, contains few ridges.
The rocks rarely emerge to the surface, but are concealed by heavy
accumulations of sand, clay, and gravel, mingled together pele-rnele.
The stream descends rapidly, and its channel is filled with large blocks
of hornblende and granite.
~\ear the north part of township 4.6, ranges 29 and 30, a ridge ns•ng
two hundred feet above the surrounding level is seen, ranging nortl1 of
west. Towards the river it presents a nearly unbrok•m cliff one hundred
and thirteen feet in height, which, on examination, proved to be nearly
pure specular oxide of iron.
Pnrtage No. 5 is on the right bank of the river, in township 45, range
29; length two and a half miles. The river for a lnng distance above
presents a series of rapids, many of which are difficult and dangerous.*
*We have Indicated on the general map the position of the rapids; ancl in this report we have
descnbed their character wtth some minuteness. We have done thi::; for the benefit of future
navigat.>rs. When one arrives at the head of a rapid white with foam and dotted witii projectirrg rncks, he is dtisir•>us Qf knowing beforehaud wheLher the descent be practicable; fur unce
wi1 hin .the current, there 1s no power to retrace.
We have often hat.! oc<~asion to admire the dexterity displayed by our Indian voyageurs in
descendmg· long and difficult rapids It requires a quick eye instantly l<? detect the dtepest part
ot the channel, and to Jetenmne, by the break of the water, the pos1t10n uf h1ddeu rocks-a
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The descent between the foot of Portage No.4 and the head of Portage
No. 5 is eighty-seven feet; the descent of Portage No. 5 is thirty-seven
feet.
Portage No. 6 is on tl1e line of sections 29 and 30, township 44,
range 21J; length one-eighth of a mile. It is caused by an accumulation
of flood-wood, so thickly matted that bushes and flowers have taken root,
and flourish luxuriantly. Here the winter trail to Green Bay passes, and
the mail cc.mrier has availed himself of this obstruction to cross tlre river.
Within this township the l\tiachigamig receives from the right its two
principal tributaries, the l\1itchikau or Fence river, and the Nehegomiwini
or Night-watching river. The origin of these terms, as explained by our
voy'agturs, was this: At one time the deer were obserwed to be very
numerous about the · mouth of the former rjver, and the Indians, to secure
them, built a fence from one stream to the other. 'rhey would follow
rather than overleap this barrier, until they were entrapped by their concealed foe. This method uf capturing the deer is also practised on the
Menomonee.
The latter stream abounds in beaver and other game; and it is the practice of the Indians, itf the clear moon-light nights, to watch on its banks
for their appearance; hence the origin of the term.
Portage No. 7 is about two miles below. the mouth of the last-namP.d
river, (towuship 43, range 31.) It occurs on the right bank, and is only
one· quarter of a mile in length. The river here falls perpendicularly nine
feet. A high range of slate rocks, rising from the immediate banks one
hundred and fifty feet, was observed.
Portage No. 8 (township 48, range 31) is over a ridge of hornblende
and feldspar rocks, 1through which the rivP.r has excavated a channel:
length one-eighth of a mile, descent seventeen feet.
Portage No. 9 is in the same township ar1d range, about four miles below the former, on the left bank of the river; it is one mile and tbreequuters long, the descent being forty-two and a half feet. The ridge,
bearing north 72° east, attains an elevation of one hundred and fifty feet,
whose summit is composed of granite, but the flanks consist of hornhlende and mica slate, folded over it like a mantle. 'rhe banks of the
stream are lined with precipitous ledges, and, altogether, it forms one of
the most beautiful and romantic gorges on the Machigamig. The country
in this vicinity is traversed by numerous ridges, more or less broken,
which nowhere attain a great elevation. The rocks emerge to the su::face at short intervals, and the immense accumulations of drift noticed
above are wanting.
Portage No. J 0 is in the north part of township 42, range 31, about a
mile and a half below the latter, on the left bank of the stream: length
one mile and an eighth. "rhe current is rapid both above and below, the
descent between the two being fifty-six feet. At the foot of the rapids
are several small islands which divide the current.
The last portage (No. 11) is about one-quarter of a mile above its jnnction with thP Menomonee. It is on the right bank of the stream, and oneeighth of a mile in length. 11 he river here breaks through a ridge of
vigorous hand to _guide the frail canoe as it dashes on its tortum~s course with the speed of a
race-ho ' se. Acctdents of1en occur, but fortunately the means of refit\ing areal wuys ut hand-to wit, birch bark and spruce gum.
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hornblende slate, over which it is precipitated twenty-four feet. lt is the
most romantic of all the cascades on the Mac.higamig.
The length of this stream from Sagiagans, following its meanders, is
a bout seventy miles, and its general course is south of west: the area drained
by it is nearly eight hundred square miles. The Brule, or We~acota,
here joins it on the right, and, after the junction, the united streams take
the name of the Menomonee.
The Brule has its origin in a lake of the same name, through which
passes the south line of the boundary of this district. It is one of a chain
of beautiful lakes which extends almost uninterrnptedly along the whole
southern border. The current is rapid; but only two portages occur in its
course, about ten miles above its mouth, near the junction of the Me~ua·
cumecum, in township 41, range 32. The stream is eighty or ninety feet
in width, its bed rocky, and it~ banks studded with a thick growth of
cedar, tamarack, and birch, whose overhanging branches often obstruct
the passage of a canoe. The Indians have l9een accustomed to ascend
this river from time immemorial, on their route from Green Bay to Vienx
Desert, and numerous camping-grounds are to be found along its banks.
Its ascent is at all times practicable in a light canoe. The Mequacu::necum is its principal affluent, which rises near the sources of the Sturgeon
It has as long a course, and drains as great an area, as the Brule itself. This
river, too, is frequently ascended by the Indians in their passage to Lake
Superior. rrhe length of the Brule is about fifty miles. Tbe area
draitwd by the Brule and Mequacnmecum contains about nine hundred
sqnare miles.
The JJ1enomonee may be characterized as a river of cataracts an 1 rapids.
Although it pours down a large volume of wate , expanding in places to
a width of 600 feet, so numerous are the obstructions, that it can never be
adapted to other than cauoe navigation.
'Vithin the distance of twPlve miles from the junction of the before
described streams two portages occur, but the rapids at these places are
sometimes run by voyageurs who are acquainted with the channel.
A short distance below Bad Water lake, two falls occur within the
space of a little more than a mile, the descent in each case being about
nine feet. * The portages are short, and both are on the left bank of the
river, and over ridges of chlorite slate.
Great Bekuenesec (Smoky) Falls are situated in township 39, range 30,
and are the most picturesque of all the cascades on the Menomonee. The
portage is one mile and a half in length; and "within this distance," says
Captain Cram, "the descent is 134 feet. This amount is divided
into several chutes, with intervening rapids. The general aspect of
this series of falls is very picturesque. At every change in the point of
view, new and varied beauties are perceived." At the lower falls the
water is precipitated in a sheet of foam from the height of forty feet. The
river above is compressed between narrow and rock-bound banks, but
below it expands into a pool 8!10 feet in width.
'Vitllin the same township are situated the Little Bekuenesec Falls,
where the water, in the distance of 250 feet, falls thirty-five feet, The
portage on the ]eft bank is short but arduous. The descent of the river
within this township exceeds fifteen feet per mile.
'~~The heights of the falls on the Me11omonee are taken from the rerort of Captain Cram, of the
United States topographical corps.-Vide Doc. 33, 26th C 1ngress, 2d session.
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Near the west line of township 39, tange 29, commence the Sandy
rapids, which continue for more than a mile and a half. The bed of the
stream is rocky, but the banks are lined with high dunes of sand, which
make this portage, which is on the left bank, the most arduous on the
:Menomonee. 'fhe amount of fall here is twenty-one feet.
Iu the same town~hip, and about two miles below, occur the Sturgeon
falls. 'The descent here, in the distance of one thousand feet, i:s about thir.
teen feet. The river is contracted within a span of eighty feet, and
rushes between perpendicular walls of rock. The portage is on the left
bank, over a ridge eighty-five feet above the stream, at the foot of the
rapids.
Before the construction of the dams near the mouth, the sturgeon ascended the river to this point, beyond which they could not go. Here
the Indians were wont to resort in great numbers to fish, and the remains
of their camp-fires are to be seen along the hanks at short intervals.
Quiver falls are situated in the south part of township 38, range 28. The
descent is nine feet. The portage, (1ne-fourth of a mile long, is un the
right bank. The Pemenee (Elbow) falls are five miles below. 'rhe
prillcipal descent is about eight feet, but immediately above are several
ong and difficult rapids. The portage on the right bank is a mile in
extent. A short distance below is Chippewa island,. (t~wnship 37,
range 28.) Between this point and the junction of the Brule and Machigamig the country is rugged and broken. Numerous sharp ridges of
sb.te, and hornblende and feldspar rocks are seen aggregated together, without much system. At most of the portages bare 111asses of
rock are exposed, sometimes precipitous, but oftener worn and polished.
Tpe soil is tLin, and for the most part sterile. Pires have swept
through the woods which once covered the surface, so effectually as to
leave l<lardly a living tree. Blackened trunks rise up on every side as t'lr
as the eye can reach. Over this dreary waste the bireh and aspen have
sprung up, and seem to struggle to gain a precarious support.
Below Chippewa island the soil is more genial. The valley is occupied hy sandstones and limestones, and we meet with no sharp ridges, no
exposures of rock; over large areas; but the country stretches out into
gently rolling plains, traversed by occasional ravines. The river contains
many rapids, but no falls.
The Menomonee is one hundred and twenty-two miles in length, or
about two hundred including the Machigamig. The whole basin embraces an area of not less than twenty-eight hundred square miles.
For the purposes of navigation it is comparatively worthless, but it affords an indefinite amount of water-power. The lower portions of the
valley are covered with extensive tracts of pine, which are beginning to be
made available.
In this connexion we may mention the St. Mary's river, connPcting together the two lakes, Superior and Huron. It is about sixty miles in
length, flowing first a few degrees north of east, then bendir1g abruptly,
and flowing a few degree~ east of south. 'rhroughout its whole course
it occupies the line of junction between the igneous and detrital rocks,
forcibly illustrating to what au extent the physical features of a country
are influenced by its geological structure.
About twenty miles from the outlet of L:1ke Superior, at Saut Ste. Marie) the river flows over a sandstone ledge for the distance of three-fourth
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of a mile. The descent is between eighteen and a half and twenty-ono
feet, dependent on the stage of water in Lake Superior. Above the rapids
the river shoals gradually from its banks, and the water is not sufficiently
deep to float a vessel for several rods from the shore. 'rhe banks of the
St. Mary's are low, rising in no place over twenty feet above the surface
of the water. Efforts have been made, and will doubtless be renewed, to
induce the government to construct a canal around these rapids, and
thus connect the commerce of Lake Superior with that of the lower
lakes.
This connexion is much to be desired, and it is believed that the enhanced value communicated to the public domain would amply repay
the expenses of the work. Tbe mere construction of the locks is not all
that is reqnired. It will be necessary to extend a pier into the river, above
the rapids, to protect the ·v;rorks and insure an entrance to the locks.
This pier will be exposed to heavy currents, and at times to large accumulations of ice, and ought to be constructed of the firmest materials, and
strongly protected. There are two points on Lake Superior, easily accessible, where materials of the most enduring character may be obtai11ed
for this work. Scovill's Point, at the eastern' extremity of Isle Royale,/
affords a tough crystalline greenstone, traversed by divisional planes,
which would assist materially in the quarrying. Vessels could approach
within a few feet of the rock, and be in a sheltered position while loading.
The Huron islands, composed of granite, afford, perhaps, a still better
material. It can be quarried within two hundred feet of the water, and
delivered on a vessel by means of an inclined plane or with a derrick.
The islands afford a good harbor at all times. This rock is also traversed
by divisional seams, which will essentially aid the quarryman in gettfng
it out. This granite, it is believed, will become an article of shipment
so soon as there is a free communication with the lower lakes.
The mouths of many of the smaller streams flowing into Lake Superior
are silted up .with sand and ~ravel, through which the water filters. In
other cases, where the waves break, for the most part, in one direction,
the streams are deflected from their true course, and run parallel to the
shore for a long distance, until the accumulated back-water breaks
through the barrier and makes a passage to the lake.
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Table of the principal rivers in the Lake Superior Land District.
Course.

Name.

Feet.

.Miles.

Area
drained.
Sq. miles.

Montreal .•• , . • • • • • • • . • • .
804
34
NW. • • • .
420
Black...................
850?
30
NW.....
250
Presqu'Isle .... . . . .. • • • • •
850?
35
NW.....
280
Iron ...................... , .. . . . . .
25
N. . ... • ..
75
Ontonagon...............
900
85
NNW...
460 ~
West Branch. .. .. • .. . • . . . • .. .. . .. •
50
NE .. .. ..
600
East Branch............. . • • •• • • • • •
45
NW.....
250
Flint Steel............... . . • • .. • • . .
25
NW.....
70
Fire Steel............... . • • .. • .. • .
35
NW.....
85
, Sleeping...... , ...... ~... .. • .. • • • ..
15
NW.,...
100
Misery ...•.•. , ••••. , • • . . . • • • . • . • . .
20
NW. • • • •
75
Salmon Trout .•••.•.....•.•• , • • . . • •
12
N. . . • • . .
40
Eagle.................. .
602
12
NW.....
15
L. Montreal. .. . • • ... .. ..
535
25
E... • .. • •
30
Portage . , • • • • • • • . . • • . • . . . • • .. • • • • •
4
SE. • .. ..
200 ~
Sturgeon................
1, 074
65
N. . .. • ..
575 ~
Fall.....................
1, 064
12
N.......
75
Huron ........ .,........
1,100
20
NNE....
100
Dead (Du Mort).........
1, 000
40
E........
200
Carp .. • .. .. .. .. .. .. . .. .
688
40
E..... .. .
20
Chocelate • .. . .. .. .. .. .. .
520
25
WNW. •
100
Tequamenen.............
200
65
NE.......
600
St. Mary's . . . • . • . .. • • • • •
49
62
SE ..••...•••••.••.
Carp of Michigan ••••..•..•••..•••• • •.••.•.•....• , ••• , .......... .
Pine..............................
50 .
S•.. ~ ............. ..
Manistee..........................
90
·ssw..... 1,300
White Fish... • • • • • • • • • • • . • • • . • . . • .
55
SSE;.. • . •
450
Escanaba......... .. • .. .
1, 060
75
SE.......
575
Fort ..... , ... , • • .. • .. .. . .. • .. • • • • •
75
SE.......
400
Cedar ..•... , • • . • . • • • • • • . . • • • • . . . • .
60
SE.......
290
Menomonee.............
1, 049
122
SE.......
1,200
Brule .. . . .. .. .. .. .. .. . ..
900 ?
50
ESE. .. ..
320
.Mequacumecum .......... , ..• , • • • . . • •
50
SSE. • • . .
575
1,049
70
SSW....
800
Machigamig ... .. .. • .. .. .

3

Outlet.

Lake Superior.
Do.
Do.
Do.
Do.
Ontonagon.
Do.
Lake Superior.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Portage lake.
Keweenaw bay.
Lake Superior.
Do.
Do.
Do.
Do.
Lake Huron.
Lake Michigan.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Menomonee •
Brule.
Menomonee.
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Mountainsl
Moun tams perform an important part in the economy of nature. 'Vhile
rivers have been aptly compared to the vei-ns and arteries in the human
system, conveying life and energy to the extremities, mountains, with
equal propriety, may be likened to the spinal column which supports that
system, giving it form and comeliness.
They .condense the floating vapors and cause them to descend in grateful showers. They are the repositories of most of the metals used in the
arts. They determine the direction of streams-they prescribe-the forms of
continents.
The mountains of this region nowhere attain an alpine height. They
occasionally occur isolated, but are oftener arranged in groups,. or in paral·
lel ridges.
_
1. Two granite belts occur in the Northwest-one forming the axis between the waters of Lake Superior and Hudson's bay; the other between
L3.ke Superior on the north and Lake Mic.higan and the Mississippi river .
on the south. The outline of the Canada range is N. 60° E., though
subject to minor irregularities. It forms the rim of the Canada shore for
mere than two-thirds of its extent. . The summits of this range are generally rounded, and rarely elevated 1,500 feet above the lcike.
On the southern shore, a belt of granite approaches the lake near Dead
river, and thence stretches westward,. sinking down into a somewhat
broken plain southwest of Keweenaw bay. Its widest expansion is
about thirty miles. This belt constitutes the Huron mountains,
which in places attain an elevation of I ,200 feet above the lake.
They do not range in continuous chains, but exist in groups, radiating
from a common centre, presenting a series of knobs, rising one
above another, until the summit-level is attained. Their outline is
rounded or waving-their slope gradual. The scenery is tame and uninteresting. Hemmed in by these knobs, it is not unusual to find null11erous lakes and meadows covered with grass, fanning an ~gr~eable feature in the landscape. - These mea~ows appear at one time to have been
~akes, which have been filled with the detritus brought down from the
surrounding hills, or drained in consequence of the water having worn
down the barriers which existed at th~ir outlets. Towards the western extremity of the district, the granite reappears in low ridges, and crosses
the Montreal within twelve miles of its mouth. 'rhere are subordinate
patches of granite in other portions of the distrid, attaining no great elevation, which will be described in the detailed report.
The metamorphic belt folded around the granite is traversed by numerous detached ridges of hornblende and feldspar rocks, ranging in E. and
W. direction, and rarely rising more than 200 feet above the surrounding country, and present a more rugged aspect than the granite. A
.quartz r~nge starts from the lake ~hare at the mouth of Carp river,
and extends westwardly beyond Teal lake. Its outlines are sharp and
well-defined, its escarpments bold, with fragments of roek strewn along
its base. The boundaries of this group are defined on the accompanying
maps.
2. A trap range starts from the head of Keweenaw Point and runs west
twenty miles; then, curving to the southwest, erosses Portage lake near its
head, and the Ontonagon river twelve miles from its mouth, and is
thence prolonged into Wisconsin. Its length is more than one hundred
and fifty miles; its width, from one to twelve~ Between Iron and Presqu'-
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lsle rlvers a spur shoots off in the form of a crescent, constituting the
Porcupine mountains. Another spur branches off from the main chain on
'the south, and is prolonged nearly parallel with it for twenty miles.. This
!belt is made up of parallel ranges, presenting step-Jike or scalar declivities
<>n the side opposite the lake, whil-e the other consists of gradual slopes.
Mount Houghton, near the head of ;Ke·weenaw Point, rises up like a
dome, to the height of eight hundred and eighty-four feet: the Bohemian mountain, near Lac la Belle, is little inferior in height. The valley
of Eagle river, on the northwest~ is bounded by abrupt, overhanging
cliffs, some of which rise to the height of five hundred feet above the
-s urrounding country.
In the vicinity of the forks ·of the Ontonagon the cliffs are equa1ly bold,
.a nd from their summits the eye has an almost unlimitedrange. · To the
west, the trap range is distinctly marked for many miles, and the west
branch of that strea:rp. flows along its base. The highest and most imposing cliffs are north and east of Agogebic lake. Farther west, the
ranges ar.e less precipitous and more irregular, much of the country
traversed by these rocks consisting of rolling table-lands.
The highest elevation att1;1in'ed by the Porcupine mountains is one
thousand three hundred and eighty feet. A rema.rl<able gorge occurs in
township 51, ranges 42 and 43. This gorge lies abont t\vo rniles south of
the lake, and in that distanc·e the grouud rises about a thousand feet.
Suddenly the traveller finds himself on the brink of a precipice five hundred feet deep, at the base of which lies a small lake, so sheltered and
hemmed in by the surrounding mountains that the winds rarely ruffle its
surface. Gloomy evergreens skirt its .shores, whose long and pendent
·b ranches are so faithfully reflected on the surface that the eye can with
difficulty determine where the water ends and the 5hore begins. From
this lake flows the Carp river, and the 'beholder occasionally catches a
glimpse of its waters as they wind through th.e narrow valley towards the
great reservoir. To the west, anu extending for five miles, he sees a perpendicular wall three hundred feet in height-occasionally,broken through
by a transverse gorge-at the base of which are numerous fragments,.
which have tumbled from the cliffs above. Still further down is to be
seen. the rich foliage of the maple intermingled with the dark green of the
fir and cedar, and still beyond succeeds a level plain, stretching out for
twenty miles, and clothed with a dense growth of trees; while in the distance the Black -river hills are seen, blue and indistinct, resting like a
cloud upon the horizon. .
·
That portion of the district occupied by the detrital rocks rarely rises
three huNdred feet above the lake. It is not unusual to see ridges of sand
and . clay forming considerable elevations. The Grand Sable is a remarkable accumulation of this character, rising to the height of three
hundred and forty-five feet. Point Iroquois, at the outlet of the lake, is
three hundred and fifty feet in height, and composed wholly of transported
materials.
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The following list comprises tlte heights of some of the principal points
the vici·n ity of Lake Superior. The surface of the lake is assurned a5
the base line, which is 627 fe et above tide-water.
Jl/'01·thern shore (from Bay.fteld'o c!tart.)

Feet.
Pie island. • • • • •• • • • • • • • •.• • • • • • • • • • .. • • • • • . .. • • .. • • .. •.• • •.• • • • • • • • • • • • • • • • • • • •. • • • 85()
MeKay's mountain . • • • • • . • • . • . . • . • • • • • • • • • • • • • . • • • •.• ••.•..•••••••••••••...•••• l, 000
Thunder cape ..•••••••.• o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . l, 350
St. Ignace (estimated} .••••••.•••••.•••••••••••••••••••••••.•••.•.•.••.•.•.••••••• 1, 300
Les Petits Ecr·its ••••••••• o • • • • • • • • • • • • • • • • • • • • • • , • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •
850.
Pic island .•••..•••••••• ,., ••••••••.•..• ·••••••••••••.•••• •. . • . • • • • • •• • • . . . • . . • •
760.
Michip}coten island.. . ••.•••• , • • • • . . • • • • . . . . • • • • • • • • • • • • • • • • • • • • • • • • • . • • • . • • • • • •
80()
Gros Cap (estimated), • • • • •. • • • • • • •. • • • • • • • • • • • • • • • • • • • • • • .. • • • • • • • . . • • • • • • . • • • •
700·

Ketceenaw Point, approrimattly dete1·mined by bar01netn under Dr. JackJOrt.
Township 58, range 28 1 southwest quarter sectiOn 1, conglomerate ridge •••••••••••••••
Do .•••••.. do .•••. section 5, Manganese lake .•.•••••••••••••••••••••••••••••••
Do ........ do • ••.. southwestern quarter section 5, trap range ..•••••••• "" .•••...•
Do •••••••• do .•••• line between 12 and 13 ..•••••••••••....••.•......••.•••••••
Do ••••..•. do .•••. southwest quarter of 18 .•....••..•.•...•...••••........•..•
Do •••••••. do .••• .line between 19 and 20 ...••••••.•••••••.•..••.•••. , ••.•.••.
Do .•.••••. do ...•• southwest quarter of 20 .••.....••••....•••.••..•••.••••••.•
Township 59, range 28, Brockway's mountain .••••.•••••...••••.••••••.••••...••••
Township 58, range 29, section 14, Montreal river ................. , ••.•• •.•• .......•
Towm1hip 58, between ranges 23 and 24, Mount Houghton ••••••••••••••• . •••••••••
Township 58, range 29, Bohemian mount, at Lac Ia Belle .•.•.••...••.• , ............ .
Township 58, range 30, conglomerate ridge, back of Grand Marais .• o • . . . . . . . . . . . . . .
Do •••••••. do ••..• between sections 9 and 10, trap ridge ••••••••..••.•.•.••.•••
Do ........ do ........... do ..••••• 15 and 16, trap r1dge ........................ .
Do •..••••. do ........... do ....... l5 and 16, Litde l\.1ontreal river, •••.•••••• ,r,
Do •••••.•. do .•••• northeast corner of section 21 .••.•••••••••• , .•..•••.•..•.•..
Do.... • .do .•••. northeast corner of section 28 .............................. .
Do •••••.•• do ..••. northeast corner of section 33 .••..• , ••...•••••••••••..•••• .,.
Township 57, range 30, between sections 5 and six near Gratiot Jake .....••..••••.•••
Township 58, range 31, southwest quarter section U, Copper Falls tnine ............. .
Do •••••••• do .•••• south line of section 14 ••••.••.••••••..••••••.••••••••...•.
Do ........ do .•••• section 24, Northwest mine •••••••••••••.••••••••••••••••
Do •••••••• do .•••. section 30, Phcenix mine .................................. .
Do ••••..•. do .•••• section 36, south boundary •••••••••••.•••••••••••••••••••••
Township 57, range 31, section 1, trap ran11;e .••••.•••..••••••••••••••••••••.••.••••
Do .•• , .•.. do ••••. section 1, ::~outh boundary ..••••.•.•..••••••••••••••••.•••••
Township 58, range 32, southweat quarter section 36, Cliff mine .••••••••••••• , •••••••
Do •••••••• do .•••• office .••••••.••••.•..••..••••.•.••••.••••••••••••••••••••
Township 57, range 32, northwest quarter :!lection 1, North American mine ••••••••••••
Do •••••••• do .•••• southwest quarter section 2, Albion bluff.................... .
Do ••••••• . do., ••. northwest quarter secton 11, Albion mine •••••••••••••••.•• ,.
Do •••••••• do .•••• office .•••••..•.•.••••••••••••••••••••••••••••••••••••••••
Do •••••••• do .•••• south boundary of28 ..................................... .
Do ••.•.•.. do .•.•• south boundary of 33 .••••••••••.••••••••••••••••••••••••.
Township 56, range 32, section 7, Forsyth mine ..................... ... ........... .
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301
467
25Z

330

a7o
421

284
884
864
659
31&
730 '
535
550

568
ti96 ·

294
225
825
630

247
749
84~

611
588
390
395800
547
388
475
520

bislrlct bfJtween Portage iake ttnd tlw MonlrtJa! T'iViJr.
I

Township.

I

Range.

Seotion.

-

.-

Fraction.

51

51
51
50
50

50
50

50
60
49

4G

49
49
50
49

49
49
49
48
48
49
51
51
51
51
51
51
51
51
51
51

37
37
37
37
37
37
37
38
3H
39
39
39
40
40

40
41

41
40
41

41
42
42
49
49
42
43
43

43
43
43
42

42
4g

43
4~

35

34
15
15
15
~1

30
6

1
16

15
15

36
12
5

12
12

30
1L
11
11
11

24
~4

14

14
14

14

27
27
27
30
16
~2

32

Height.

--

- -- 52
52
51
51

Locality.

Algonquin location, house .• ••.•.•••.•••••••.•..•• • ~ ••••••.••••• "• .••. & o • • • •
Southwest quarter .•• ,. H1g~1est point of trap range., ..••••• , ••• 1 • • • • • • • • • • • • • • 4 • ••• •· • • • • • • • • • • • • •
Southwest cornen; ••• , Cabm of Douglass l{oughton Co., :. • ...• : .....' . • • .••••·•.•••••••••...•.••••.
. • • • • • • • . • • • . . • . • • • • • . Trap rldge, one-quarter of a rnile e'\st of last point ..•••••.• , .•••••••..• , ••.•••
.•.•.•.•••• • •.•• ,,,... Ridge of conglomerate 1 one·h@lf mile east of same •••••. • • ..... •. • • J. •••••.•••
.•• • .•••.•••.•• •...... Trap ridge, one.. eighth of a mile sout~we.::t of same ..• ,, .•••.••.••••••••• • .•.•
•••••• 1 •••• , , •• , . ; ••• ,
Ttap knob, n~"ar southeast corner 1 ••••••• • • • • • • • • • • • • . • • • •. • • , ••• • ••• • • • • • • •
..••••.•.•••..•••• , .•• Trap knob, near northwest corner • ......•..• • ...••• • •.•••••• • ••••.•••••.•••
. . • • . . • • • . • • . • • • . • . • • • Trap ridge, 1 mile south of northeast corner of township ••• ,. • a •••••••• , ••••• •
• , , b ••• • ••• • ••• • . . . . . .
Cabin of Ontortagon Company .• , • ~ ..••... , ..••.•.•••• • ..••.•••••.•••• , ••••
. • • • • • • • • • • 1 ••• • . ; . . . .
Minne~ota Company's office •...• , .••••• , • .•••.••••• • •.••••.••.•••.•• , ••••••
.•••.•• • .•• , ••••• ,.... Summit af Middle Brother...• , ..••. ,, •.•• , .• ,, ••• • ... , .•• , ••••• • .••• , • .•.•
. .••..••••••••••.•.••• ' Ontonagon Company's office. , •••••• , . • • • . • •• • • • ••••• • ••••••••••••••.•••
• • • • • • • • • , 1 • ••••• •, ••• Trap bluff, ab0ve 011tonagon , .••••..••.. , , .•.•..••.•••.•• • ••• , ••••.•• , ••.•••
Southwest comer ...... Clearing of Ohio Trap Rock Company, above Ontonagon_. ........ • ••••• , , .••.
.•.•.••• , •.•..••.•••• • Ohio Trap Rock Company's mine .•.•••••.•••.•••.•••••••••••...•••••.•..••
• • • • ...•.•• , . . • • . • . • • • High bluff near same; .••• , •• , • •.••..••.••••• • •.•• ' ••••.••••••• 6 • • • • • • • • • • •
...• , •• , ••• • ...•• •.... Hill of quartzose porphyry .•..••.•••..• , ..••••••. ,,............ • • • • • .•••
.• • •... , ...•.•• ;.,.... High trap blu!f, .•• , ..•.... , .•••.• o, ••• , .•••.•••.•• • . •• , •• • •••••••••• • .••.
..••.......•...•.• , . . . On tonagoi1 river, at base of same • ......• , .• • •....••••.................•....
................. , .••• Bluff of red porphyt•y • .•••..• , .•• , •.• • ...•.•••.•.•••••.••••••• • •· •••...•..
..• , ..• , •••••••• , • • • • • Same, (lbove its base ••••••••..•••••••.••.•••.••••••••.••••••.••• , •••.•••..
North west corner. , • • • • Conglomerate ridge •.•••.•.•.•.•.•.•.•••.••••••••• , •.•••..•.••••••••.•••••
••••••• 1 ••••••••• ,,...
House at location of Montreal River Company •· .• , ••••.•.•••.•••••.•.•.•••••
.•• , • • • • . • • • . • • • • • • • • • Highest point of red porphyry • •.••.•••••••.•••••••••••••••••••••.•••..•••.
.. -: ........•... " . . . . . Carp lake . ...•....•... •. . . . . . . . . . • • . . . . . . . . . . . • . . . . . • • • . ........ , . ..... .
. • • • • • • • . • • • • • • • • • , • • Cliff at Isle Royale Company's mine................. • • , , ••••...•••••••..•.
.•••.••••••••••••••• , • Same, above Curp lake . • • • . . • • • • • • • ••••••••••••••••••••••••••• ' ..••...•..
Northwest corner..•••• Location of Delavan Company .••••• •· •••.•• , •.••••••••••••.•••.••• , •••••••
..••.•.•••.•••••• , • • • • Same, above Carp lake • , • , ..••••. , .•••••••.•••••• • •••.••••••••••.•••••.•..
Northwest corner ..•• ,. Union River Miniag Company's location ................................... .
.•••.•• , . • • • • • • • • • • • • • Cong;omerate hill ................................... , .................... .
.•• , ••••••••• , , • • • • • • • Ridge of altered sandii<tone ................................................. .
Northeast r.orner.,.... Location of Croton Company ............................................. .
Southeast corner. • • • • • Cliff of jaaver................................. • • .... • • .. • • • • .. • • • • .. • • • • •
• • • • • • • 1 • • • • • • • • • • . . ••

622
759
47o
655
463

660

. 633

778
736
528
637

758
499
416
250
672
781
913

776
354
1;089
440
536
389
1,260

~

0
~

~

?

0)

~

483

975
485
587
106
309
931
601
690
1,191

~·

District between Portage lake and the Montreal river-.-qontinued.
Township.

Range.

Se<ltion.

Fraction,

50

44

11

I....... ,..............

Locality.
Highest point of Po~cupip.e mountains .••••••• , ••••• ~· •••• ~·.

o o •••••• , ,. o ••••

.fsle Royale.
Northeast quarter ••••. Ridge of trap .••.••••••••••• _•••••••••••••••••••• , •••••••••••• , ••••• ·•• o •• : .
66
34
2l
20
Southwest quarter ••••. Stream, 10 feet above small lake •••••....•••...•••••.•.•••• , .•••••••••..•.•.
34
66
Southeast q11arter ..... -; Summit of r1dg-e near southwest corner of southeast quarter •••• 1 • • • • • • • • , • • • ~,
34
;w
66
. 35
Northwest quarter..... Northeast corner, sum mit of ridge •••• , •••••.•.• , •.•.•••.••.•••••.•..•.••••.
36
.6fi
35
Corner of sections 25, 26, 35, 36 .•.•.•••••••• , , , . ••••• ! , • • • • • • • • • • • • • , • • • • • •
66
36
,
Line be~ween sections 23 and 24, ridge .••.••••.•••••••••••••••••.•••• ·~ oo,, •
37
65
24
Line between sections 3;> and 36, ridge. o , • • o ."• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •
,6 5
,
36
37
Lake Desor ••• ,. , •• ~,. , ••• , •••••• o •.• • • • o o, • • • • . • • • • • • • • • • 1 ~., • • • • • • • • • • • .
,
,.
65
37
36
North corners of sections 11 and 12 ..•.•...•••••••••••• ·•••• , •••• : :, , ·.•••••••
37
36
64
64
Camp on stream between sections 13 and 14 .••••• ,,., .-, •.•••••••••.••••.•••.
,
,
37
36
63
37
•••r••••r••••••••t•••· Ridge of sandstone ..••••••...••••••••.••••• , ~ 1 • • • • • • • • • • • • • • • • • • • • • • • • • • • •
'" 1
()6
High~f t point on lsle Roy.ale .........••• , •••• , •••••••..•.• , •• , • ••••.• , , •• ~ r
34
,,.,
II>
66
Ridge on line bet.ween sections 14 and 15 •••••••••••••••• , ••••••••••.••••••..
15
34
fi6
SoutheAst corner of section . ••...•••.•..•••.••.•••••.•••••••.•••••••.••••••.
34
15
(:i6
Ridge on line between sections 22 and .23 •••••• ,, •••••.••• ,., •••••.•..••••.•.
22
34
64
32
38
Northwest corner. •.•,. Beaver island , .. , ..•••.•.•......••....•• ~ •••••••• , ••••••••.••.• , , •.• ;, .•• _
Ridge op line between sections 29 and 30_••••••• , .•••.••.•••• , ••••••••••••••.
38
64
20
(;4
Ridge on line between $ections 31 and 32 .••• , ••••••••••• , •• ; •••• , ••••.••••••.
38
_,
3l
{j4
20
38
Ridge on line between sections l9 and 20 ...• , •...• ·., .••.•..•.•. ·. · · • · · ... · · ·
NoTE.-For the i~format}on of th-;~e- n~t f~~iliar with-the syst~m pf government surveys, it may be stat~d that the public domain is surveyed into townships, each six miles square, which are :subdiviqed into sections, each one _mile square, containing 640 acn!il . . The eections ~renumbered frorn one to thirty~
six, mclusive, be<\'inning at the northeast cornf:)r of the township and coun~mg the first tier of sections from r1ght to left, the S(lcond from left to right, and so
.on, alternately. The townships are numbered north from a base line whrch starts frotr. Lake St. Clair and rqns thence due west to Lak!=l Michigan. 1he
ranges are numbered west from a meridional line which passes through ~aut Ste. 1'\"':arie.
_
··
This system, wbich is an admirable one, w;:ts first sugg~sted by Hutchens, who, before the Revolution, belonged to the roy~l engineers, and subsequent~y
became geographer to the Uni1ed States. lt wa111 early adopted by Co_ngress, and, had it been extended into all the States, would have saved much vexatious
)itiga;ion as to boundaries, nnd afforded a vast amount of geographieal mformation, at an inconsiderable expense.
This system is executed wi1h a r.hain and compass, wh1eh, under all the circumstances, is the best which could be de"ised for this country, where t~e
forests ~re so dense _as to_render it impossible to make use o~ thos«: natural monnments which are essential to connect trif!ngula~ions! :[3urt's !lOl!'\r 'compass ~t.4
•
tm ~4mirable mveptwn, ~n d pyght to be spb~tHuted for thf.\t !n prdm~ry use~~ ~ll tpe publty !'lurveys 1
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CHAPTER II.
·CLIMATE.

OF.ljects emhraced.-Meteorology.-B.ffects of the lakes in equalizing th~
temperature.-Meteorological registers, at vario·us stations.-Mean annttal temperature, and tltat of summer and winter.-Amount of rain.Course of the winds.- Comparison of the climate in eq1..tal latitudes in
Europe.-Character- of the .vegetation.--Ran!?e of the cerealia.-Os'Cillations in the lakes.- The cause.~Periodic rise- Temperature and
transparency if the water of Lake Superior;-Evaporation,_;_Mirage.Variation of refraction.-Frosts.- Thunder-storms.-Auroras.
Meteorology.-In treating of the cl.i mate of this region, we shall use that
term in its m.ost extended sense, as comprehending, according to Humboldt, all the changes in the atmosphere which seriously affect our organsas ;temperature, humidity, variations in the barometrical pressure, the calm .
13tate of the atmosphere or the action of opposite currents of winds, the
amount of electric tension, the purity of the atmosphere or its admixture
with more or less noxious gaseous exhalations, and, finally, the degree of
·ordjn.ary transparency and dearness of the sky, which is not only import:ant with respect to the increased radiation of the earth, the organic development of plants, ana .the ripening of fuits, but aiso with reference
to its influence. on the f-eelings and mental condition of men.~
To this great physicist science is indebted for having first suggested
a system of lines, caHed isothermal, isotheral, and isochimenal, connecting those places where the mean summer, winter, awl annual temperatures have been ascertained. These lines are by no means parallel,
var~ou.s causes conspiring to produce divergencies-such as altitude above
the sea, the geographical configuration of a country, the presence er
absence of large bodies of water and -of mountain chains, the purity of the
sky, and the prevailing direction of the winds.
Isothermal tines define the heat and cold of the earth. The line 59° F ..
traverses the ia~titude of 43° in western Europe, but descends to latitude
36° in eastern America. The isothermal line of 41° F. passes from latitude 60° in western Europe to latitude 48° in eastern America. ,
The presence of so vast a body of water as is afforded by the American lakes modifies the range of the thermometer, lessening the intensity
of the cold in the winter and of the heat in the summer. By the freezing ot
the water, a · great volume ,o f heat is evoived, and the intense cold of the
northern winds is somewhat mitigated in sweeping over the open lakes.
In the summer, when the sun, often with unobscured lustre, shines for
si:Kteen hours in twenty-four, the intensity of the heat is modified by the
breezes which are cooled in their passage over the surface of . the lakes,
the water of which is always at a low temperature.
To show the equalizing effects of the lakes on the climate, we need
~ Asie
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only refer to the mean temperature of Fort Howard, on Green bay, and
Fort Snelling, on the Mississippi:
Latitude.

MeanT.

Winter.

SummerT. RangeofTher.

- 44° 40' 44°.3 20°.5 67°.7 -16 + 99°
- 44° 53' 44°.8 16°:3 72°.0 -23 +115°
Thus, during the winter, the mean temperature at the former post is
higher; but during the summer it is lower, while the ~nnual temperature
is nearly the same. The former is situated in the proximity of large
bodies of water, which essentially modify the temperature; while t.fu.e latter is in the midst of a vast plain, with no mountain chains to break the
force of the wi:nds.
Fort Howard
Fort Snelling

LThe following tables have been furmahed us from the office of the Surgeon General of the United States army, made in pursuance of an admi~able regulation, adopted by the lbecretary of War as far hack as 1819, requiring meteorological observations to be made at the several posts tht·oughout the Unned Stat~s.
Three of these posts are within this district, to wit: Forrs Wilkins, Brady, and Mackinac, while Fort Howard is but about half a degree removed fro~ Its
southern boundary. These tables furnish us with satisfactory information as to the mean temperature of the seasons, the prevailing direction of the wmds,
the serenity of the sky, the amount of rain, &c. We regret that they do not also embrace the fluctuations of the barometer.]
FORT BRADY.
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From these tables we derive the following results : That the mean annual temperature of Fort Brady is nearly two degrees lower than that of
Fort Wilkins, although the latter ·post is nearly a degree farther north.
'rhis difference arises from the insular position of Keweenaw Point, which
is surrounded on three sides by water.
That, while the annual ratio of rain which falls at Fort Brady is 29.5
inches, at Fort Howard it exceeds ·35 inches-an excess which cannot be
accounted for by the difference in the mean temperature of the two places,
but results from the prevailing direction of the winds; for while theN.
and NW. winds prevail at the former post for more than one-third of the
year, the S. and SW. prevail for a longer period at the latter.'*
That, while there are more rainy days at the former post-the ratio being
as 118 to 86-the showers at the latter are more copious.
The direction of the winds is u,ndoubtedly determined, in some degree,
by the configuration of the country, pursuing the courses of the lakes.
'rhe observations at Fort Wilkins and Mackinac do not extend .through
a sufficient number of years to enable us safely to institute comparisons:
So far as relates to the annual amount of rail}, they are defective.
In the subjoined table we have given the mPan temperature of the year,
and of the winter and summer, in corresponding /degrees of latitude in
western and southern Europe; also, the latitudes of. places where the
several lines of temperature correspond with those of the stations before
given.
The first number in the column of temperature represents the mean
annual temperature; that which stands in the place of a numerator, the
mean temperature of the winter, while the denominator represents the
mean temperature of the summer. 'rhe European observations a~·e from
Baron Humboldt's tables.
From these observations it would appear that the lines of equal temperature on the western coast of Europe, without reference to the elevation
above the sea-level, are about 13° farther north than in the vicinity of the
lakes. The climate at Fort Brady; during the whole season, corresponds
in a remarkable degree with that of St Petersburg; indeed, the difference
of temperature is less than between Fort Brady and Fort Wilkins. While •
the hills in the region of Fort Brady support :1 dwarfish growth of terebinth~nes, (resinous trees,) those in the vicinity of Nantes; in a .nearly
corresponding latitude in Europe, are covered with the vine.
*Humboldt has given the following as the proportional quantity of rain in different latitudes:
0. Mean annual depth
•
96 incl e 1,
19.
"
"
"
80 "
45.
"
"
"
29 "
69.
,,
"
"
17 "
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Table showing the mean temperature of the year, and of winter and sum
mer, in corresponding latitudes in Europe and America.
Latitude.
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The cerealia., or common grain, such as wheat, rye, oats, and barley,
thrive where the mean annual temperature descends to 28° F., provided ·
t];lat of summer rise to 52° or 53°. The rapid growth of barley and oats
adapts them to the short summers of the north; they are found as high as
latitude 69° 30', in Lapland, along with the potato. -~Vheat, which is a
precarious crop, and little cultivated above 58° in western Europe, yields
good returns in the temperate zone, when the mean heat, while the grain
is on the ground, is 55°; but if no more than 46°, none of the ce1·ealia
come to 1naturity."*' Indian corn is a precarious crop beyond latitude 45°.
From the tables 'above given it will be seen that the temperature of this
climate is fa:vorable to the growth of the cerealia.
An nual plants, remarks Sir John Hooker, which require heat during
the summer to ripen their seeds, and which pass the winter in torpidity, in
the state of grain, indifferent to the intensity of cold, abound most in those
regions where the extremities are greatest; whilst the perennial phmts,
which can better dispense with the maturing of their seeds, and which are
injured by the severities of winter, affect the temperate climates. Of these
again, those kinds which have deciduous leaves accommodate themselves best to unequal temperatures; whilst the individuals on which the
foliage remains, or evergreens, give the preference to districts where the
temperature is more constantly equal. Thus, while the shores of the lake
are fringed witp spruce, balsam, fir, and cedar, the interior of the district
produces the maple, the yellow birch, and the ash.
At Fort Brady, the annual ratio of fair days is 168; of cloudy days, 77;
rainy days, 71; ofsnowy days, 47.
The aven~ge amount of rain which falls at Fort Brady is 29.5 inches;
at Fort Howard, 35.7 inches. These results exhibit a discrepancy which
cannot be fully accounted for by the difference in the mean temperature
of the two places. The prevailing direction of the winds at the two places
may be the true cause. At .Fort Brady northwest winds prevail, while
at Fort Howard southerly winds predominate. ·
Phenomena of the waters.-Lake Superior possesses all of the sublimity
of the ocean. In gazing upon its surface, whether stretched out like a
vast mirror, reflecting the varying tints of the sky, or ruffled by gentlycurling waves, or lashed by the fury of the storm, the beholder is alike impressed with a feeling of the grand and the infinite. During a residence
ofseveral summers on its borders, our attention has been directed to the
fluctuations in the level of its waters; and, while we have failed to detect any ebb and flow corresponding with the tidal action, we have,
on the other hand, noticed certain extraordinary swells which appear to
,
be independent of the action of the sun and _moon.
These risings attracted the attention of the earliest voyageurs, and they
have not failed to record their observations with a minuteness worthy of
commendation.
In the Relation for 1670-'71, Dablon uses the following language: "As
to the tides, it is difficult to lay down any correct rule. At one time we
have found the motion of the waters to be regular, and at others extremely
fluctuating. We have noticed, however, that at full moon and new moon
1

*Murray's Encyclopredia of Geography, vol. I.

48

Doc. No. 69.

the tides change once a day for eight or ten days, while, during there·
mainder of the time there is hardly any ehange perceptible. Three things
are remarkable: 1st, that the currents set almost constantly in one dire~
tion, viz: towards the lake of the Illinois, (Michigan,) which does not pre·
vent their ordinary rise and fall; 2d, that they almost invariably set against
the wind-sometimes with as much force as the tides at Quebec-and we
have seen ice moving against the wind as fast as boats under full sail; 3d,
that among these currents we have discovered the emission of a quantity
of water which seems to spring up from ·the bottom?"
He supposes that this results from an underground discharge from Lake
Superior, and asks, if otherwise, what becomes of the waters of Lake Su.
peri or, and whence come the waters of Lakes Huron and Michigan?
In the Relation for the year 1671-'72, Father Andre thus :speaks of the
movements of the waters: "l had not partaken of the opinion of those who
believe that the lake of the Hurons has an ebb and flow like the sea, because I had not noticed anything very regular during the time I passed
on its borders; but I began to suspect that there might be tides in the bay
of the Skunks (Green bay) after having crossed Wild Rice river, (Menomonee.) We had left our canoe afloat, the weather being calm. · The
following morning we were ve~y much surprised to find it on dry ground.
I was the more astonished, since I had noticed that the fake had been for
a long time tranquil. From that day I resolved to investigate the causes.
The first .thing I determined was, thatthe contrarywinds, although moderate, did not prevent the flux and reflux. I noticed, besides, that i:n the
river (Fox) which empties into the head of the bay the tide rises and sinks
twice in somewhat more than twenty-four hours. The ordinary rise is
one foot; the highest tide I saw caused the river to rise three feet, but it
was accompanied by a violent northeaster. Unless the northwest winds
be very strong, they do not prevent the river from flowing down; so that
the discharge is from the middle of the bay-the water rising at each end,
according to the hours of the tide.
"We must not be surprised . to find this flux and reflux stronger at the
head of the bay than on Lake Huron or Illinois; for, supposing the tide to
be only one inch in those lakes, it must of course be more marked in this
bay, which is from fifteen to twenty leagues long and from five to six in
width, and grows narrower and narrower, whereby the water, being n:~·
duced to a small space at the head of the bay, must necessarily rise much
more than in the lakes, where the space is the widest."
The late Governor Clinton collected a mass of evidence relating to these
sudden risings, which is embodied in a memoir communicated to the New
York Literary and Philosophical ~ociety ;* but, as it is not generally accessible, we will avail m;uselves of the most important facts.
L' Hontant records the following incident: "On the 29th of May, 1689,
we came to a little deep sort of river, whichdisembogues at"a place where
the water of the lake (Michigan) swells three feet high in twelve hours,
and decreases as much in the same compass of time. Our tarrying there
three or four days gave me an opportunity of making the remark.''
*Vol. II, p. 1.
tVoyage to America, vol. 11.
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Charlevoix,$ who traversed the lakes nearly a century ago, in reference
to Lake Ontario, says: "1 observed that in this lake, and I am told that
the same thing happens in all the rest, there is a sort of flux and reflux,
almost instantaneous-the rocks near the banks being covered with water,
and again uncovered, several times in the space of a quarter of an hour,
even if the surface of the lake was very calm, with scarce a breath of
wind. After reflecting some time on this appearance, I ima{fined it was
ou·ing to sp-rings at 'he bottom of the lake, anrl to the s!zock of their cw-rents
with those of tfte rivers whic!t fall into tltem from all sides, and titus produce those intermitting, motions.''
Mackenzie, who wrote in 1789,t remarks: "A very curious phenomenon
was observed at the Grand ~ortage, on Lake Snperior, for which no
obvious cause could be assigned. The water withdrew with great precipitation, leaving the ground dry, that had never before been visible-the
fall being equal to four perpend.i cular feet-and rushing back with great
velocity above the common mark. It continued thus rising and falling
for several hours, gradually decreasing until it stopped at its usual
height."
The following incidt'nt is related as having happened to Colonel Brad.
street, who commanded an expedition against the western Indians in
1764: "In returning by way of Lake Erie, when about to land the troops
one evening, a snddeu swell of the lake, without any visible cause, destroyed several of his boats; but no lives were lost. This extraordinary
event was looked upon as the precursor of a storm; and accordingly one
soon occurred, which lasted several days."
The followingoccurrencers related by Governor Clinton, in the memoir
before referred to: "On the 30th of May, 1823, a little after sunset, L~ke
Erie, on the British side, was observed to take a sudden and extraordinary
rise, the weather being fine anrl. clear, and the lake calm and smooth. It
was principally observed at the mouths of Otter and Kettle crcel~s, wbid1
are twenty miles apart. At Otter creek, it came in without the least previous intimation 1 in a swell of nine feet perpendicular height, as was afterwards ascertained, rushed violently up the channel, drove a schoouer
of 35 tons burden from her moorings, threw her upon high ground, and
rolled over the ordinary beach into the woods, completely inundating all
of the adjacent flats. This was followed by two others of equal height,
which caused the creek to retrograde a mil~ and a half, and to overflow its
banks, where water never before was seen, by seven or eight feet. The
noise occasioned by its rushing with such rapidity was truly astonishing.
It was witnessed by a number of persons.
"At Kettle creek, several persons were drawing a fish net in the lake,
when suddenly they saw the water coming upon them in the manner
above d~scribed, and, letting go their net, they ran for their lives. 1'he
swell overtook them before they could reach the high bank, and swept
them forward with great force, but, being expert swimmers, they escaped
unhurt. Them n who was in the skiff pulling in the sea-line was driven
with it a considerable distance over the fiat, ahd grounded on a small
eminence, where he remained nntil the water sub«ided. There wer(
three successive swells, as at Otter-creek, and the effects were the same,.
*Journal Historique d'un Voyage de I'Ameriqne, LXIII.
tVoyage to the Frozen and Pacific Oceans.
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with this difference: the water rose only seven feet. In both cases, the
lake, after the swells had spent their force, gradually subsided, and in
about twenty minutes was at its usual height and tranqu~llity."
In 1820, Governor Cass instituted a series of observationR at the head of
Green bay to determine the changes in the water-level. These observations extended from the 15th of July to the 30th of August; and the
following are the results: ''That the changes in the ehwation of the waters
are entirely too variable to be traced to any regular, permanent cause; and
that, consel1uently, there is no perceptible tide at Green bay, which is the
result of observation. And 'Such, it appears to me, is the resnlt of calculation, when ,the laws that regulate so~r and lunar attraction, and the
limited sphere of their operation, are taken into view.''*
Professor Mather, who observed the barometer at Copper Harbor during
the prevalence of one of these fiuctaations, has published the results of
his observations in the journalt before alluded to. He remarks: "As a
general thing, fluctuations in the barometer aceompanied the fluctuations in
the level of the water; but sometimes the water-level varied rapidly in the
harbor, while no sueh variations oecurred in the barometer at the plaee of
observation. The variations in the level of the water may be eaused by
varied barometric. pressure of the air on the water, either at the place of
observation or at some distant points. A loeal inereased pressure of the
atmosphere at the plaee of observation would lower the water level where
there is a wide expanse of water, Ol' a diminished pressure under the same
circumstances would cause the water to rise above its usual level.''
In the summer of 1834, an extraordinary retrocession of the waters took
plaee at Saut Ste. Marie. The river here is nearly a mile in width, and
the depth of water over the sandstone rapids is about two and a half feet.
The phenomenon oceurred abatitt noon. The day was ealm 7 but cloudy.
The water retired suddenly, leaving the bed of the river bare, except
for the distance of about twenty rods, where the channel is the deepest,
and remained so for the space of an hour. Persons went out and caught
fish in the pools formed in the depressions of the rocks·. The return of
the waters is represented to have been sudden, and presented an imposing spectacle. 'J1hey came down like an immense surge-roaring and
:foaming; and those who had incautiously wandered into the river-bed
had barely time to escape being overwhelmed. Our informants we:re
;Unable to state whether this occurrence was sueceeded by a violent wind
or storm; but they all coneurred in representing the day as calm.
A similar phenomenon occurred twice the same day, in the latter part
,of April, 1842. The lake was free from ice, and no wind was prevailing
at the time. A few years previously-the precise period our informants
.could not designate-the current between the foot of the rapids and Fort
Brady, which usually flows at the rate of two and a half knots an hour,
was observed to set back, and the water rose two feet or more above the
usual marie Some of the soldiers at the fort, in order to satisfy themselves
as to the backward flow, jumped into a boat and rowet into the stream,
,when they found that the boat floated towards the foot of the rapids.
*Remarks on the supposed tides and periodica1 rise and fall of the North American lakes, by
Major (now Brigadier General) Henry Whiting, Silliman's Journal, vol 20, p. 2.
ee. also, a paper by General H. A. S. Dearborn in the same journal, vol16.
d series, vol. 6, July, 1848.
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These facts are given on the authority of Messrs. Ashmun, Peck, and
Bingham-old residents of Saut Ste. Marie.
We have witnessed numerous instances of these ebbings and flowings,
which will serve to corrob-orate the above facts. In the month of August,
1845, while coasting in an open boat between Copper Harbor and Eagle
river, we observed the water rise up, at a distance of a fourth of a mile to
the northwest, to the height of twenty feet. It curled over like an
immense surge, crested with foam, and swept towards the shore, diminishing as it advanced. The voyageurs paused on their oars, having first
headed the boat so as to cut the advancing waye. It passed without
doing us any injury, and spent its force on the shore. ' It was succeeded
by two or three swells of tess magnitude, when the lake resumed its
former tranquillity. 'rhe cause of thi~ uplift was apparently local, and
operated but for a few moments. It could not, like the bore at the mouth
the Amazon, have been produced by opposing .eurrents. It was late in
the afternoon when this phenomenon was observed. The lake was calm;
but to the northwest the clouds indicated that different currents of air
were moving in opposite directions. Mirage was beautifully displayed,
and imaginary islands were seen atoug the horizon.
·while. at Rock Harbor, Isle Royale, in the summer of 1847, we witnessed the ebbing and flowing of the water, recurring at interwls of fifteen
or twenty minutes, during the entire afternoon. The variation was from
twelve to twenty inches; and we took advantage of their recession to
catch some Df the small lake fishawhich were left in the pools. The day
was calm and clear, but before the expiration of forty-eight hours a violent
gale set in.
On the 23d of July, 1848, we went from Copper Harbor to Eagle river,
where we arrived in the evening. The day had been calm-so much so,
that we were anable to avail ourselves of our sail. In the evening there
sprang up an off-land breeze, but we observed a strong current setting in
to the river from the lake. The water rose and fell rapidly. The next
day a storm commenced and continued for four days.
On the 29th of July, 1849, we were at Rock Harbor, Isle Royale. The
wind was light, and a drizzling rain fell all day. The next day, however,. a heavy northwester set in-so heavy, indeed, that the propeller
then lying in the harbor did not venture out. On the opposite side of
the lake, at Copper Harbor, (July 29,) the water was observed to fluctuate at intervals, varying from ten to twenty minutes, and rising higher
and higher at each return, until the wharf, placed above the range of the
highest stage, as was supposed, was overflowed, as well as the road leading to the warehouse. This continued throughout the day. At Eagle
river, twenty-five miles distant, the same fluctuations were observed.
The wind, which was not heavy, came from off shore, and was therefore
opposite to the current from the lake. The next day, as at Rock Harbor,
there was a heavy blow from the northwest, the tendency of which
would be to accumulate the water on the south shore; but it did not rise
as high as on the preceding day, when the wind came from an opposite
quarter. These facts show covclusively that these swells, although they
precede the winds, do not owe tf1eir origin to this source.
This will appear mo:re satisfactorily by consulting a map as to the relative position of the points above mentioned. Isle Royale is about 20
miles distant from the northern and western coast of Lake Superior. Cor-

•
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per Harbor is about 50 miles distant from Rock Harbor, in a south southeast direction. 'rhus, while these fluctuations wem observed at the latter
point, the storm had not struck the lake on the Canada side.
Similar occtirrences have been noted in other parts of the world. The
fluctuations in the Lake of Geneva, which are there called seiches, undoubtedly belong to the same class of phenomena.
The intelligent traveller, Von Tschudi,* thus speaks of a singular phenomenon which has in later times often occurred at Callao, aud which,
in 1841, he had an opportu11ity of observing: "About two o'clock in the
n1orning, the sea :flo:wed from the shore '''ith greater force than in the
strongest ebb; the ships farthest out were left· dry, which is never the
case in ebb -tide. The alarm Jf the inhabitants was great, when the sea
instantly rnshed back with increased force. Nothing could withstand
its fury. Meanwhile, there was no commotion of the earth, nor auy
marked change in the temperature."
The great wave frequently observed off Gape Horn and the Cape of
Good Hope by mariners may belong to the same class of phenomena.
\Ve have already given Charlevoix's theory to account for these fluctuations. It may be ingenious, but is not even probable. Governor
Clinton was disposed to regard them as the Jesuit of earthquake movements. Ii so, a commotion of the land would have been uoticed. The
facts adduced seem to connect these phenomena with a disturbed state of
the atmosphere, since they are, for the most part, ucceeded by violent
gales. Humboldt remarks tlJat the retJUlarity of hourly variatious of the
magnetic needle and the atmospheric pressure is undisturbed on earthquake days within the tropics. Von rrschud i says, that in seventeen
observations which he made during the earthquakes of Lima, with a good
Lefevre barometer, he found, in fifteen instances, tbe position of the mercury quite unaltered. On one occasion, shortly before a commotion, he
observed it 2.4 lines lower than it had been twenty-four hours beiore.
Another time he observed, also on the approach of the shock, a retuarkable rising and sinking.
\Ve may regard the earth as surrounded by two oceans-one aerial, the
other aqueous. By the laws which regulate two fimds thus relatively
situated, a loc:1l disturbance in the one would produce a conesponditJg
disturbance in the other. Every rise or fall of one-twentieth of an inch
in the mercurial cGlumn would be attended with an elevation or depression of the surface of the ocean equal to one iuch.t Again, as has been
remarked by De la Bee he ,t a sudden impulse given to the particles of
water, either by suddenly increased or diminished pressure in the atmosphere, would cause a perpendicular rise or fall, in the manner of a wave,
beyond the height or depth strictly due to the mere weight itself. rrhis
~Travels

in Peru.

t Whewell on Tides.

t De la Beebe, (Survey of' Cornwall,) quoting f'rom the manuscripts of Mr. Walker, who
has devoted much time to the observation of tides, says: "He has found that changes in the
heio-hts of the water's surface, resulting from changes in the pres3ure of the atmosphe1·e, are often
noti'ctd on a good tide-~auge b fore the barometer gi\es notice of the change. * * * If ti '~·
gauges at important dock-yards show_ that .a sudden. ohange of seu-level ha~ taken place, indicative of suddenly decreased atmospheric wetght, before the barometer has gwen notJce of such a
change, all that time which elapses between the notice!l given by the tide-gauge and baromeis so much gained ; and those engaged with shipping know the value of even a few mome
fore the burst of an approaching hurricane."
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sudden impulse would give rise to a series of aqueous waves, which
would propagate themselves from the centre of disturbance, like the cir·
cles which are observed when a stone is cast into the water. These un·
dulationR are pereeived in the liquid before the galP sets in. It is
not to be expected that the oscillations in the barometer, in all instances,
will correspond with those of the water; for Mr. Redfield has shown that
storms have sometimes been preceded by an unusual pressure of the at·
mosphere, the barometer standing remarkably hig~1, and hence he has in·
ferred that there existed around the gale an accumulation of air, under a
great degree of pn~ssure, fcrming a margin. It may frequently happen,
that while the effects are perceived at the place of observation, the cause
may be far removed.
Many persons who have resided on the borders of the lakes maintain
that, aside from the annual _variations in the height of their surfaces,
there is a more extended one recurring at intervals varying from five to
seven years, while others extend the period to fourteen. The greatest
height f>f \Vater heretofore observed is about six feet. The statistics
which have been published~ in referenr.e to this rise indicate that the
variations in the water-level in a series of years are considerable, but that
they do not recur at regular intervals. The mr.tenrological registers kept at
various stations show that tlle annual amount of rain which falls over a
given area is extremely variable. 'rhus, at Fort Brady, where the mean
of five years' observations is 29.58 inches, the extremes are 36.92 and

22.44.
Again, the season in the hasin of Lake Superior may be rainy, while
that in the region of the tributaries of the lower lakes may be dry; and
vice versa; and thus the lower lakes might be on the rise, while their tributaries failed to discharge their usual volume of water. In proof of this
diversity of humidity, it may be mentioned, that during the year 1848, an
unusual quantity of rain fell in the basin of Lake Superior, and all of its
tributaries were swollen.. The lake was gradually rising when we left in
September, and at that time had attained a point higher than had been
observed for three years previously. On reaching Lake Michigan, in
October, we found that that lake began to be sensibly affected by the in·
creased volume of. water 9-ischarged through the St. Mary's river. On
arriving at Cincinnati, the Ohio river was observed to be contracted to
less than half its usual volume, so that only the smallest class of boats
could navigate its waters.
If meteorologi cal observations were kept at different stations extending
through the entire region drained by the great lakes, it would undoubtedly be found that the variations in the water level corresponded with the
variuble amount of rain over that area.t
A larger p:..Htion of the tributaries of Lake Superior have thAir origin in
a region covered for two-thirds of t.he year with ice and slllow. La 1 e in
May the icy fetters are unloosed, and the lake commences rising, and ccn_tinues to ri~e until the last of September, when it attains its maximum
*V1de the memoir of Governor Clinton before referred to; Michigan Geolog~cal Reports;
Ohio Geological Reports, 1838.
tThe smfttce of Lake Superior, on the 12th of August, 1849, was 23~ inches higher than irt

May, 1.847.
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It then recedes gradually until the streams begin to dis~harge their spring
·
floods.
Snow usually commences falling as early as the middle of October~ and
the ground is covered before the frost has penetrated to a great depth.
The amount of snow during the season has bPen represented us high as
thirty feet; but, in consequence of its evaporation, and its change from a
crystalline to a granular form, known as neveJ it settles, and the actual
depth on the grou11d rarely exceeds four feet. Trappers, in crossing the
inland lakes in midwiuter, often b1eak through, so slight and unstable is
the covering.
The temperature of the water of Lake Superior during the summer,
a fathom or two below the surface, is but a few degre8s above the
freezing point. The following observations show the temperatlue of
the water at different times in different parts of the lake. In the western
portion, the water is colder than in the eastern-the surface flow becoming
warmer as it advances towards the outlet. The water in these experiments
was taken frem the surface.
Fahrenheit.

,

June 30, 1849.-To the south of Caribou Island July 8, 1B49.-In Sand Bay
July 28, 1849.-Between Keweenaw Point and
Isle Royale
Aug. 13, 1849.-l\iidway in Keweenaw Bay

Water.

Air.

39°.5
49°.0

Dl!uing the severe winters, the surface of the lake beeomes congealed.
1Vhen a gale sets in, the ice is seen to undulate and break: and the water
to gush through the fissures, until .finally the whole rr~ass is set in motionthe fragments clashing against one another, accompanied by loud reports,
like volleys of nmsketry. Long p:arallel ridges of ice, fifteen or twenty
feet in height, are piled up <tlong the shores. We can readily conceive
how masses of rock thus entangled might be carried for considerable distauces when the ice becomes detached and floats off, and how a cliff might
be scratched and grooved.
The waters of the lake possess great transpareney, and a tin cup may
be seen to the depth of ten fathoms. Coasting along the shores in a calm
sunlight day, and looking over the gunwale of the boat, the voyageur
seems to be suspended over the floor of the lake, and every fissure in the
rock, and every glittering pebble is revealed with wonderful clearness.
'I'he light streaming through the transparent medium tinges every object
with a brilliant hue.
The evaporation from the surfaces of the lakes must be immense. The
combined :area of Lakes Superior, Huron, Michigan, and Erie is about
87,000 square miles, and of their basins not less than 335;515 square
miles.
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It has been estimated that the quantity of water passing into the
Niagara river at Black Rock is 22,440}000 cubic feet per minute, or about
· 80! cubic miles per annum.*' This is equivalent to fifteen inches perpendicular depth of water spread over the area of the whole country drained.
The annual amount of rain wl1ich falls within this m:ea is about thirty
inches. One-half, therefore, of the water wl!ich falls within the basin
of the upper St. Lawrence is taken up by evaporation, amounting to
·
11,800,000,000,000 cubic feet.t
At Sant Ste. Marie, the outlet of Lake Superior, the spectator beholds a
river nearly a mile in width, and of sufficient depth to float the largest
vessel. In its onward progress, it winds among innumerable islands, and
ultimately discharges its:>lf, by several mouths, into Lake Huron. At
Fort Gratiot, he sees the same river, under another name, after having re·
ceived all of the tributaries of Michigan and Huron, contracted to a ·width
of little more than three hundred yards, but of increased depth, and he
finds it difficult to 1·ealize that it is the same river which he saw three hundred miles above.
So, too, the voyageur who has coasted around Lake Superior and gauged
the streams which pour their annual :floods into the great reservoir, when
he stands on the brink of Niagara, and witnesses the fearful plunge of the
cataract, is induced to inquire what has become of the superfluous water.
'1-,he difference between the temperature of the air and the lake gives
rise to a variety of optical illusions, known as mirage. Mountains are
seen with inverted cones; headlands project from the shore where none
exist; islands, clothed with vf'rd'ure or girt with cliffs, rise up from the
bosom of the lake, remain a while, and disappear. In approaching Ke·
weenaw Point, 1\iouut Honghton is the first object to greet the eye of the
mariner. Its dome.shaped summit. serves as a landmark to guide him
in his course. Once or twice, in peculiar stages of the atmosphere, we
have observed its summit inverted in the sky long before the mountain
itself was visible.
On the n0rth shore, duriug the summer months, hardly a day passes
without witnessing illusions of this kind. 'l'he Paps, two elevated moun
tains near the entrance of Neepigon bay, would at one time appear like
hour-glasses, and at another like craters, belching forth long columns of
smoke, which gradually settled around their cones.
Thunder cape assumed shapes equally grotesque: at one time resembling a huge anvil with its handle projectmg over the lake, at another it
appeared as though traversed from summit to base by an immense fissure.
These phenomena are more common on the lakes than on the Atlantic
coast, since hardly a day passes during the summer without a more or
less striking exhibition of this kind. The amount of refraction, depe11dent
on the state of tbe atmosphere, _is, dnriug the greater part of the summer,
extraordinarily variable. The greatest diffi.cul ty is experienced in making
astronomical observations, from this cause. Observations taken in the
afternoon, and generally Juring tlte night, are almost invariably worthless.
The varying refraction may often be noticed in meridian observations of
*Vide M. Z. Allen's articli in Silliman's Journal. January, 1844.
·
t Dalton found that an evaponting surface of six in,'.hes } ielded in calm, dry air, at 650
Fahr., 2.62 grains of vapor per mmute, and 4.12 in a high wind.
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the sun with the artificial horizon, when the two images will be seen to lap •
ovet and then separate from each other a great number of times during
the fe,v minutes, while the apparent motion of the sun is almost imper- ·
ceptible. These variations amount to several minutes of altitude; and, of
course, on such occasions, no use can be made of the observations. Ob·
servations taken in the morning, when a steady brisk breeze was blowing,
and the sky free from clouds, were found to be the only ones on which
any dependence could be placed.
The same phenomena of rapidly-varying refraction may often be wit nessed at sunset, when the sun, sinking iuto the lake, undergoes a most
striking and rapid variety of changes. At one moment, it is drawn out
into a pear-like shape; . the next, it takes an elliptical form; an.d just as it
Jisappears, the upper part of .its disk becomes elongated into a ribbon of
light, which seems to float for a moment upon the surface of the water
and then disappear.
Fig. 2.
The annexed cut represents the outline of
the appearance of the sun as it went down
in the waters of Lake Michigan, June 19,
1849.
rrhe cause of these phenomena can readily
be found in the ever varying movement of
bodies of differently heated air charged with
different amounts of moisture. rrhose who
mrvigate the lake not unfrequently notice
that
y pass Instantaneously from a current of air blowi11g brisldy in
one direction into one blowing with equal force from an opposite direction.
The lower sail_s of a vessel are sometimes e11tirely becalmed, while a brisk
breeze fills the upper.
Frost~, of sufficient severity to turn the leaves, usually occur as early
as the middle of September. Snow commences falling by the middle of
10ctober, and for more than six months tl1e ground is eovercd with a fleecy
mantle. The streams become locked with ice and remain so until May.
'l'he ground does not become frozen to a great depth: and, so soon as the
snow disappears, vegAta.tion shoots into life, and the air swarms with
myriads of insects. During the loug days the sun shines with undiminished splendor, and the inftnence of its direct rays compensates for the
low mean temperature. Spring aud summer are mingled. The
forest beeornes clothed with leaves, and its solitude is enlivened by the
song of birds and the hum of insects, befc>re all traces of snow have disappeared.
Notwithstanding the proximity of the lake, the thermometer has a range
of 120° in the course of the year. Often in midsummer, when, for
several days, the winds come from the so nth west, the voyageur experiences a suffocatiug heat-an enervating depression. rrhe perspiration
rolls from him even when unemployed and protected from the glare of
the sun by the forest's shade. But, fortunately, these sutlocating heats
are of short continuance.
In the valley of the Ontonagon, on the 1lth of June last, the thermometer rose to 96°.* The wind was blowing from the SW., but brought
• Humboldt remarks that the thermometer nowhere rises higher than 1040 F., un]e<;s exposed
to the influence of bodies which radiate heat. The extraordir•ary heats of the desert, as indicated
by the thermometer, are caused by particles of sand carried through the atmosphere.
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with it no refreshing -coolness. A little after midday, a dark cloud, emitting from its edges a pale phosphorescent light, rose from the lake, and
advanced against the wind. Its approach was indicated by a loud roarin-g,
and, when it reached our encamprnent, the trees swayed to and fro, aud
many were prostrated around us. The air was filled with flying leaves
and branches. Voyageurs and men instinctively rushed into the river,
and r~?mained until the fLi.ry of the storm had abated.
Thunder-storms of great violence are not unusual; and the large tracts
of prostrate timber frequently met with in the foresis, and known as
"windtalls," .indicate the path of the tornado.
Sudden gusts of winGI. spring up on the lake, and hence the oldest
voyageurs are most inclined to hug the shore.
Instead of seeking for a solution of these phenomena by a resort to
natural causes, tkey ascribe them, like the Scandinavians of old, to the
freaks of a crazy old woman, who is endowed with ubiquity :
''Now here, now there, and everywhere."

Before the middle of September, a change in the elements becomes observable. 'f'he light and sportive breezes are succeeded by heavy
gales, which sweep over the lake, and render coasting exceedingly
hazardous.
Auroras, even in midsummer, are of frequent occurrence, and exhibit
a brilliancy and extent rarely observed in lower latitudes. The commonest phenomena are these: A dark cloud, tinged on the upper edge
-uTith a pale luminous haze, skirts the northern horizon. From this,
streaks of orange and blue-colored light flash up, and often reach a
point south of the zenith. They rapidly increase and decrease, giving
to the w~le hemisphere the appearance of luminous waves, and occasionally forming perfect coronce. 'rhey commence shortly after sunset,
and continue through. the night. The voyageurs regard them as the
precursors of storms and gales, and our own observations have confirmed the result. · Occasionally broad belts of light are seen spanning
the whole arc of the heavens, of sufficient brillianey to enable one to
read.
In the winter these phenomena are much more frequent, and the
ground appears tinged with a criri1son hue. The aurora indicates a disturbance of the equilibrium in the distribution of terrestrial magnetism,
and, according to Dove, may be regarde~, not as an externally manifested cause of this disturbance, but rather as a result of telluric activity-manifested on one side by the appearance of light, and on the other
by the vibrations of the magnetic needle.*
On one or two occasions we have witnessed the rare and beautiful
ph~norneuon of parhelia, or mock suns.

* .for a full exposition of these phenomena, consult Humboldt's Kosrnos,

vol. I.
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CHAPTER III.
GEOLOGY OF THE COPPER REGION.

Maps.- Classification of the rocks. - Their composition. - Keweenmo
Point.-Range and extent of the trap.-Local details.-District between Porta!{e lake and the Montreal river.-Range a'n d extent.Metallic contrmts, and the association of copper.-Porcupine mountains.
-Isle Royale.-lts similarity in geological structure to Keweenaw
Point.-Range artd e:J.:tent of the trap.-~~lJetallic contents.
That portion of the Lake Superior land district whose geology we purpose to delineate in the following report is represented on the accompanying maps, entitled!-. A geological map of Keweenaw Point.
2. A geological map of the region between Portage lake and the Montreal river.
·
3. A geological map of Isle Royale.
These maps comprise the tenitory known as the copper region.
Tlze iron region, though of less extent, but of ~qual economical value,
will form the subject of a subsequent communication.
'The rocks which constitute the solid framework, so to ~peak, of this
district, are divisible into two classes, widely different in their origin and
cemposition-the igneous and aqueous.
Uncl.er the first division may be included the several varieties of trapusing this term as a generic one-such as greenstone, granular and
amygdaloidal trap, basalt, &c. rrhese rocks appear to have bt!en generated within the bowels of the earth by the action of fire, and in some cases
to have been protruded in vast irregular masses, forming conical or domeshaped mountains; at other times, in continuous lines of elevation; while
in others they appear to have flowed like lava-currents in sheets over the
sands then in the progress of accumulation. The mineral substances which
compose these aucient lavas are very various in their nature, but in general it may be said that the predominating rock is one composed of an intimate mixture of labrador, hornblende, and chlorite, tl;wugh the latter is not
. an invariable accompaniment.
To the secomd class, or aqueous formation, may he referred the sandstones, shales, and limestones of this district. They occur in stratified
beds, divided into layers, strata, ]aminre, &c; rrhe materials appear to
have been transported by currents and deposited on the floor of the ocean,
where they subsequently became consolidated.
In additien to these, there is another class of rocks which have undoubtedly resulted from the joint operation of igneous and aqueous causes.
The materials appear originaily to have been ejected through rents and
fissures in the crust of the earth to the surface, where they were subsequently transported and ground up by ClillTeuts and deposited in stratified
beds. 'I'his elas~ of rocl{s is termed by lVl. Prevost''* pluto-neptunemlj and
~Article

"Formation," Dictionnait·e Universel d1Histoire Naturelle.
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to this division may be referred the conglomerates and chlorite beds asso•
ciated with the trap.
The metamorphic rocks, or those which were supposed originally to
have been deposited by water and subsequently modified by heat, causing
them to resemble igneous products, are developed only to a limited extent
in the copper region; but in the iron region they are displayed on a scale
of vastness, and form the most interesting feature in the physical history
of the district.
The mineralogical character of the trappean rocks, being a complex and
difficult subject, will be separately described in the chemical part of the
report. At present it may, however, be briefly stated that they are in general made up of an intimate mixture of labrador and hornblende, :fi1rming a
dark-colored homogeneous mass, in which the separate minerals cannot be
distinguished by the eye. Chlorite, though not an invariable accompaniment, is often present in a considerable quantity. Magnetic oxide of iron
is also a very common ingredient, and sometimes in visible particles,
though generally .its presence is only betrayed by the action of the rock ou
the magnetic needle. The variable proportion and nature of the mineral
ingredients give rise to a great diversity in the external chara~ters of the
mass, which diversity is still further increased by the different circumstances under which different portions of a rock identical in mineral
character may have passed from the fluid to the s0lid state.
The same rock may be found in every shape of transition, from the most
compact and homogeneous structure to a light porous mass, filled with
cavities, or amygdu.l.es, which have often, posterior to the cooling of the
rock, been filled with various mineral substances.
For the sake of convenience in describing the local details, and in order
to adhere, as much as possible, to the terms already fam1liarly used by
those engaged in mining explorations in this district, we shall include,
under the name of trap range, or trappean rocks, all the different varie·
ties of igneous rocks which form the great belt extending from the extremity of Keweenaw Point to the Montreal river, and which also form
the greater portion of Isle Royale. When the rock is vesicular in its
structure, it is called amygdaloid; when compact, crystalline, or homogeneous, the hornblende preJominating, it is called greenstone; when
columnar or jointed, as on Isle Royale, it is called basalt. If the homo
geneous base contain distinct crystal of feldspar disseminated, it becom~s
a true porphyry; and the largely erystalline and feldspatic varielies are
·
known as sieuitic.
'These and many ~ther varieties occur abundantly throughout the district, in belts imposed one upon another. Their position and the changes
they have caused in the contiguous detrital rocks will be noticed in describing the detailed geology.
1 ange and e.rteJtt.-Commencing at the head of Keweenaw Poiut, we
find the trappean rocks, with the assoeiated conglomerates, emerging to
the surface in bold stair-like diffs, affording many scenes of wild aud
picturesque beauty. 'rhis peculiar physiognomy is characteristic of the
whole trap region. Humboldt long ago remarked that each zone had its
particular types of animal and vegetable life, but that the inorganic crust of
the globe showed itself independent of climatic influences. Everywhere,
basalt rises in t\vin 1i1ouu.tains and truncated cones; everywhere porphy4
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ritic trap appears in grotesquely arranged masses, and granite in rounded
summits.* ·
'rhe outer belt of trap, occupying the extreme northern portion of
Keweenaw Point, (see map,) is less than a mile in width, and preserves a
great degree of -qniformity throuf!hout its entire course. It forms a S€gment of a circle, of which the Bohemian mountains may be regarded as
the centre. The southern points of Manitou island are dotted with
patches of this igneous rock, while the greater portion of the belt has
crumbled beneath the action of the lake surf. From the extremity of .
Keweenaw Point, it extends westerly for about eighteen miles in a curvilinear direction, and passes into the lake at the eastern point of Sand bay.
'I'hroughout most of this distance it is protected from the action of the
surf by a thick belt of conglomerate, but at several points the water has
broken through this sea-wall and excavated spacio.trs harbors in the igneous belt. Copper, Agate, Grand Marais, and Eagle Harbors are included in
this belt, and owe their origin to a common cause.
This belt is composed of- the varieties of igneous roek.known as amygdaloid and brown granular trap. 'rhe amygdaloid is best developed in
the upper portion of the belt, ·w here it comes in contact with the conglomerate, presenting a dark scoriaceous mass, full of vesicles, somewhat
compressed, and bearing a close resemblance to certain modern volcanic
products. These vesicles are, for the most part, filled with carbonate of
lime, chlorite, agates, carnelians, and amethysts, and minerals of the zeolite
family. As we penetrate deeper into the belt, the vesicular structure disappears, and the rock passes into a darK brown granula.r trap, consi~ting of
an intimate union of hornblende and labrador. '1'his is its general character;
and to cite the numerous places where it has been observed, would be to
encumber the report with unue~essary detail.
'l1 his belt is traversed by veins contait1ing copper and silver, several of
which have been mined, but in every instance uns"uccessfully. At Eagle
Harbor, a company wrought a vein, which, for a time, yielded a rich per
centage of copper. Between 5,000 and 6,000 pounds were taken from
the vein within a comparatively limited space; but as the miners sank
deeper, the copper disappeared. 'I'he range of the vein was limited on
the so~th by the conglomerate, and on the north by ~he lake. At the
surface it was two feet iu width, and filled in with laumonite and native
copper. The shaft was commenced about two hundred feet north of the
junction of the rocks, and extended to the depth of ninety seven feet.
Ar. that depth the vein had contracted to three inches , and was barren of
copper. 'I'he best mining-ground is undoubtedly beneath the bed of the
lake; but to reach it would require a deep shaft, a long gallery, and an
expensive apparatus for ventilation. The company were not disposed to
embark iu au undertaking, the labor of which was certain, while success
\vas precarious. Several other veins in the northern range were explored
by the company, with no better results.
At Hawe:S's island, near Agate Harbor, a vein was opened by the Cypress River Company, which yielded rich specimens of copper and silver,
but, iu the downward progress, they disappeared,
With a single exception, (northwest quarter of section 58, range 30,) we
have excluded every tract within this belt from the list of mineral lands,
believing that it contains no veins whieh will be permanently productive.
• Aspects of Nature, vol. II.
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To the west of Sand bay about ten miles, and north of the first trappean range, narrow belts of trap have been observed in two places, to wit:
on section 28, township 58, range 32; and on sections 1 and 6, between
ranges 32 and 33, township 57. The nature of the ground is such that
they can be tracea but a short distance inland. Whether they are a prolongation of the belt just described, or detached, intercalated masses, it is
impossible to determine. 'I'he character of the rock is highly amygdaloidal, and chlorite enters largely into its composition. Imperfect indications
of veins exist, one of wl1ich was explored by the Lake Shore ~iining
Company yielding little or no copper.
In the more compact varieties, a concretionary structure is sometimes
observable. Parallel bands of different colors, a few inches in width,
traverse the mass iu waving lines, or are arranged in circular forms. This '
same arrangement is seen nwre strikingly illustrated in the trap on Hays's
Pnint, near Copper Harbor. The dire~tion and arrangement of these lines
is illnstrated in
Fig. 3,

1~,?-fl\

------------~

tl1e above wood c.ut. This structure is occasionally fonnd in all igneous .
rocks, and undoubtedly results from chemical affinity, by which the particles assume a concretionary arrangement.
About a mile south of this trap belt, and separated from it by a deposit
of conglomerate· and coarse sandstone, which, in places, expands to a
thickness of more than 3 ,OCO feet, occurs the northern trap range of
Keweenaw Point. It will be seen, by inspecting the map, that these two
belts of igneous rocks, in their westerly prolongation, preserve a remarkable parallelism.
'rhis range docs not appear to have bee n the result of one, bnt of successive overflows; for we not only find the igneous materials arranged in
parallel bands, and exhibiting great diversity in external characters, but
we also find numerous intercalations of conglomerate of inconsiderable
.thickness, but extendiug for miles ia a linear direction -these mixed products being associated in regular beds, havjng a common bearing and
inclination, so that the inexperienced observer is inclined to refer the
whole to a common origin. This deception is still further increased by
observing lines of pseudo stratification in the trap conforming to those
of the associated sedimentary rocks."
This range starts from the head · of Keweenaw Point, below Manitou
island, and, sweeping round in a crescent form nearly conforming to the
trend of the coast, crosses the western arm of Portage lalre, where it
*This pseudo-stratification has been observed by De la Beche in the granite of Cornwall,
and is supposed by him to result from a tendency in the materials of a cooling mass to arrange
themselves in beds, particularly near the surface.- Geology of Comwall.
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seems to lose its distinctive character. Towards the valley of the Little
l\'lontreal river, it crops out in bare precipitous cliffs; but the northwestern
slope is gentle, the rock rarely emerging to the surface.
The following are the elevations of this range at different points, asapproximatively determined by the barometer: On section 13, township 58,
range 28, 467 feet. On the line between sections 15 and 16, township
58, range 29, about three miles inland from Grand Marais Harbor, 730 feet.
Between the Copper Falls and the Northwestern mines, section 24, township 58, range 31, 630 feet. This range skirts the valley of Eagle river
on the west, and rises in overhanging cliffs to the height of two or three
hundred feet. The Albion cliff, near the northwest quarter of section
10, township 57, range 32, may be regarded as the culminating point,
attaining an altitude, as determined by Mr. Hodge, of 800 feet above the
level of Lake Superior. Between the Albion mines and Portage lake,
the hills present for the most part a rounded outline, and the underlying
rocks are covered over with accumulations of water-worn materials.
Interstratified with this belt, throughout its entire range, we observe
numerous lenticular masses of conglomerate, which appear to affect the
eourses of veins, as well as their productiv~ness. 'J:'he phenomena exhibited by the passage of a vein through different belts of rock will be
described in detail under another head.
Local details.-'rhe trap at the eastern extremity of Keweenaw Point
(sections 15 and 22, township 58, range 27) is more compact and
crystalline than the northern belt before described, and is traversed by
small veins containing native copper. Near the centre of seGtion 22, a
band of conglomerate from fifty to one hundreq feet in thicknes? is observed, dipping to the north; but it can be traced only for a short distance
inland, in consequence of the drift which there reposes on the rocks. A
few yards south of the extremity of the point, and near the north line of
section 27, a band of conglomerat~ is observed, attaining a thickness
of sixty feet, bearing N. 70° -'VV., and dipping NE. 16°. The underlying
trap differs from that which overlies the detrital rocks, being more amygdaloidal, mid offering less adhesion between the particles. 'rhis is supposed to be a continuation of the great metalliferous belt, as developed at
the Cliff, North American, and Northwest mines.
In this township (58) numerous explorations were made by the Boston and Lake Superior Mining Company; and, although they found
native copper at several points, they did not succeed in developing a valuable vein. In the adjoining township west (range 28) and north of the
Little :Montreal river, four alternations of trap and eonglomerate were ohserved. Near the conglomerate ridge, the trap is low; but, north of the
Montreal river, it rises in elevated cliffs, which continue through the
township, ranging in an easterly and westerly direction. These cliffs
are composed of hornblende, in large acicular crystals, imbedded in a
paste of labrador. Near their base is seen a band of conglomerate from
twenty to fifty feet in thickness, dipping north at an angle of 40°, which
can be traced altr~ost uninterruptedly :fur 8. distance of twenty-five miles.
At the Cliff and North American mines there is a bed of chlorite rock,
corresponding in position to this baud. The trappean rocks above and
below this belt exhibit great differences in lithological character-the
upper o:ing highly crystalline, while the lower are amygdaloidal. 'rhis
belt, lymg below the conglomerate, is abundantly stored with copper;
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but, being more destructible than the cliffs of overlying greenstone, it is
rarely exposed on the surface.
In township 58 the Massachusetts Mining Company opened several
veins in the vicinity of the Montreal river, none of which proved productive. The Alliance Company tested to a limited extent a vein on
section 8. The Pittsburg and Boston Company also held a location,
which they subsequently abandoned.
This ridge extends in an easterly and westerly direction through .
ranges 29 and 30. In the latter range (township 58, section 15) is situ- •
ated. the Northwest mine. The thin band of conglomerate before described is here exposed on the southern slope of the hill, with greenstone
above and amygdaloid and compact trap below. In its passage through
the adjoining ranges 36 and 35, (townships 58 and 57,) the trap chain
curves rapidly to the southwest, and is prolollged in that direction. rrhe
following section represents the relative po~ition of the bedded trap and
sandstone on tl;le northern slope of the ridge (section 12) at the Copper
Falls mine:
Fig. 4.

N.
Dip 26o.

The first rock seen in the stream is amygdaloid, resting on sandstone,
which bears north 75° west, and dips 26° to the north. The thickness
of this trap belt could not be determined, the northern portion of it being
concealed by drift. The sandstone is composed of coarse materials, and
contains, in places, rounded pebbles. Near the line of junction it exhibits the effects of metamorphism, being dark-colored and firmly cemented,
Receding from the line, we find it variegated in color and Jess compact.
To this succeeds another belt of trap, conformable in bearing and inclinaton,
below which is another belt of sandstone. Thus there are no less than five
repetitions of sandstone and trap within the distance of 2,000 feet. As
a general observation, the upper portions of these sandstone belts are much
more changed by heat than the lower-an important fact, which will be
considered in discussing the origin of these rocks and their mode of formation.
The sandstone, where thus exposed, presents a compact texture, breaks
with a ringing sound and a conchoidal fracture, and ex · its many of
the external characters of jasper. It is traversed by nume
s divisional
planes, which are quite as distinct as the originallines of bedding. The
workings of the Copper Falls Company are in the 436-foot belt.
Between the mouth of Eagle river and the Phmnix Company's work~,
eleven of these belts, thus intercalated, are noticed within the distance of
a mile. Beyond the Albion range these belts cannot be traced, the rocks
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being no longer exposed in bare ledges, but covered beneath accumulations of sand, gravel, and clay.
The trap beds thus intercalated are amygdaloidal or gram1lar, but on
their upper portions often exhibit a breeciated appearanee. They afford
numerous examples of veins yielding native copper and silver, but do not
expand to a sufficient width to allow extended subterranean workings.
The upper portion of the crystalline belt deseribed as oceurring in range
28, township 58, and thenee traced through the intervening townships
west, is exposed a few rods south of the upper shaft at the Phamix mine.
Here the feldspar predominates over the hornblende, giving the rock a
light color. The vein is observed to be disturbed and otherwise affected
as it approaches this mass.
'rhe Albion range is capped with this rock, which appears in abrupt
precipices two or three hundred feet in height. At the Cliff miue, the
upper portion of the precipice is composed of a dark crystalline greenstone-the hornblende largely predominating, which exhibits a mottled
or varioloid appearanee. At the Albion mine the feldspar again predominates·, and the rock becomes in some degree porphyritic. Beneath this
is a bed of chlorite rock of a slaty structure 2 varying in thickness from
siX to ten feet, below which we meet with a belt of amygdaloid and granular trap. Proceeding along the trend of the Albion range in a southwesterly direction, the amygdal()id is found to dip bew~ath the smiace. At
the Cliff mine it is struck near the base of the precipice; but at the Albion
mine, three miles distant, it is reached at the depth of 11inety-seven feet.
This belt, the position and range of which we have endeavored to delineate, is the most metalliferous of any on Keweenaw Point. Throughout
its entire extent. it seems to be characterized bv \Vetl-d efined veins . In
it are situated the Cliff, North American, AlbiOii, Northwest, and Northwestern mines; and it is reasonable to suppose that others equally valuable
will he developed along the line of its outcrop.
Southern trap rang-e.-Returning to the h~ad of Keweenaw Point, we
find another range of trap, forming the southern boundary of the valley
of the Little Mor1treal river, arid stretching westerly in a line nearly parallel with the northern chain. This is lHJOWIJ as the Bohemian range,
and differs from the northern both in lithological character and in the mode
of its occurrence. -While the former~ before de8cribed, is composed of numerous beds of trap~ in the main of the amygdaloid and granular varieties,
interstratified with the detrital rocks, the southern range consists of a V3St
crystalline mass, forming an anticlinal axis, flanked on the north by the
bedded trap and conglomerate, and, on the south by conglomerate and
sandstone.
rrhe contour of the unbedded trap is also very different.f~om that of the
bedded trap. We nowhere recognise the stair hke structure in the hills;
they are either dome-shaped or rounded.
The pro sian of so vast a mass of heated matter has changed in a
marked degree the associated sedin-1entary rocks, causing them tn resemble
igneous products. Thus, on section 30, township 58, range 27, by th-e
lake shore, is seen a metamorphosed sandstone resembling jasper. Its
general bearing is east and west. In places it assumes a vesicular appearance, while other portions are brecciated, and take into their composition
~lorite and feldspar.
In some hard specimens the lines of stratification
can be recognised. 'rhe mass is about 100 feet thick, and surmounted by
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alternating bands of porphyry and a chlorite rock known as rotten trap,
which may be regarded as a volcanic ash. These veins attain a thickness of
only a few feet. Proceeding along the southern coast of Keweenaw Point
in a westerly direction, at the old fish station (section 35) we again observe
this metamorphosed rock forming one of the jutting points .of the bay; but
here it assumes a different character, as though it had been subjected to a
heat mor-e intense and longer continued. AH traces of stratification have
disappeared, and the rock has become transformed into a red, compact
jasper, breaking with a conchoidal fracture, and traversed by numerous
divisional planes. \¥here it .comes in contact with the trap below it presents a homogeneous texture. All traces of its mechanical origin are
obliterated, and it is difficult to determine where the igneous rock ceases
and the aqueou.s hegins.
In section 30, township 58, range 27, '"-est of the Little Montreal river,
it is seen again on the coast. The Bare Hilts here approach the coast
and rise up in overhanging cliffs ro the height of 80 feet, and jasper
appears to be the prevailing rock. From this point it can be traced inland
in a westerly direction, throu~h sections 29 and 30, in the same township
an.d range, to the west tine of section 24, township 58, range 29, expanding to a width of about half a mile. The west line of this section passes
over Mt. Houghton, au isolated and dome-shaped mountain, rising to the
height of 884 feet above the lake, and forming the cuhninating point in
this portion of the region. Its summit is ja~per for tlole distance of 150
feet, and it is difficult to trnce auy well-characterized lines'()[ stratification
in the mass. On the southern flank the mass apparently dips to the SSW.
On the northern slope a perpendicular ledge, 20 feet in height; is observed,
dipping slightly to the east; to the northeast two low ridges of jasper are
seen bearing nearly east and west, and connecting with the Bare Hills hy
the lake shore. The rock is extremely fissile-so much so, that it is difficult to procure good specimens. In tracing it west, it gradually passes
into a compact trap, with here and there an ,aln:wnd-shaped eavity, filled
with quartz or calc-spar.
This rock we suppose originally to have been sandstone, and the
peculiaritiBs which we have described to have resulted from contact with
the mass of trap beneath.
Unsuccessful attempts at mining near the summit of this mountain
were made by the Alliance Company.
Near Lac la Belle the Bohemian range attains the height of 864 feet;
at its base, and between the trappean and detrital rocks, is a belt of chlorite
in foliated masses which expands to about 150 feet in thickness. The
occurrence of a bed or mass of this mineral between trap and sandstone is.
not unfreqnently observed in this district. The lower porti'On of the elevation is here made up of a peculiar rock composed of chlorite and labratlor
in nearly equal proportions. These two minerals are each in a distinctly
crystalline condition, and the feldspathic portion is of a light-reddish color.
The mass is filled irregularly with erystals of magnetic iron ore, which
occasionally form a large portion of the roek. Particles of copper pyrites
are also scattered through it. 'rhis variety of rock seems to pass gradually into the dark -colored, fine grained greenstone which occurs on the
summit of the mountain.
5
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The following section, from Copper Harbor to Lac la Belle, exhibit~
not only the contours of the country, but the relative association of the
detrital rocks and the bedded and unbedded trap:
F1g. 5.
The Bohemian range, as before remarked,
forms the line of upheaval of the bedded
!l:
· ···-·· · Copper harbor.
trap and conglomerate on the north , and
the conglomerate and sandstone on the
south. 'rhe conglomerate, north of the
axis of elevation, rarely attains a greater
inclination than 45°; but on the southern
slope, the sandstone is observed tlipping at
an angle of 78°. This is beautifully exhibited by the lake shore, on section 36,
township 58, range 29. The sandsto11e is
seen in the bottom of the bay, composed
of alternating bands of white and yed ,
sweeping round in curves, conformable to
the course of the trappean rocks. As ·we
North trap range.
recede a few miles to th e south , the strata
586
·
are observed to be nParly horizontal. In
the two adjoining townships west, this
....
0
range preserves its distinctive character;
~
but beyond, it sinks down into sloping
Little Montreal river. hills two or three hundred feet in height.
284.
It exhibits some lithological changes in its
course: thus, at the Suffvlk mine, now
abandoned, (section 16, township 57,
range 31 ,) the rock becomes beautifully
porphyritic-crystals of red labrador are
scattered through a dark feldspathic base,
Bohemian mount.
with sulphuret of copper disseminated in
864.
irregular masses.
This range, like the northern one, is
traversed by veins for the most .part at
right angles to the direction of the formaLac La Bene.
tion; but, unlike the veins of the northern
:rn
.
range, they yield the sulphurets of copper,
instead of native copper. The only mines now wrought are the Bohemian
and Lac la Belle, which will be particularly described under another head.
Numerous explorations have been made alan~ the southern boundary of
the trap, but in no instance succes~fully. The abandoned mines are indicated by an appropriate symbol on the accompanying map.
The fissile chlorite rock described as occurring at the base of the Bohemian mountain is found to continue almost uninterruptedly to Portage
lake, and always preserving the same relation to the trap and sandstone.
The prevailing color is green, but in places it acquires a reddish tinge.
'rhe trap, however, in the lower part of township 57, range 33, assimilates
more to that of the northern range. At the Forsyth Company's worl{s,
(section 33,) a band of greenstone is observed forming the crown of the hill,
with amygdaloid resting beneath. In the adjoining township south, t!¥1e
trap is seen to occupy low parallel ridges, and is exposed in the beds of
(')
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~he water-courses. Much of it is amygd .aloidal, intermixed with the
·greenish and reddish fissile rock before described. Indications of copper
• -exist, but the veins are not well defined.
In the southwe~t quarter of section 8, the ,.rrap Rock Company perforated
the rock to the depth of seventy feet~ then drifted sixty-six feet from the
vein for the purpose of discovery. ,.rbe veins tone here consisted of small
·Strings of quartz, calc spar, and chlorite, arranged in parallel layers,
to the width of ten inches., with some copper disseminated;· but the indications were 110t sufficiently encouraging to induce them to continue the
work. This vein ranges aNd dips with the formation-its course being
north i0° east; inclination to the northwest 6(P.
On the southeast quarter o.f section 19, t{)wnship 56, range 32, are
;the abandoned works ·of the New York and Michigan Company. Thf'ir
exploitations were prosecuted on the left bank of a small stream, near the
junction of the trap and sandstone. The trap here consists of the reddish
·and greenish chlorite rock, with imbedded amygdaloid. ,-rhe surface
·exhibits few indications of a vein; but, according to the report of Messrs.
Grout & Douglass., who explored this location, native copper was found
in the small veins and arljoining fissures. A drift was extended 4.5 feet
into the rock; a shaft was also sunk on the opposite bank to the depth of
lS feet, intersecting a ·b elt of the green rock, according to the above au•thority, highly charged with copper. Although the workmen met with
much to encourage, they did not succeed in developing a valuable vein.
On one of the affiuents of Torch river, (section 3'6, township 36, range
·33,) the junction of the trap is beautifully displayed. The stream is
precipitated over a wall of trap 80 feet in height, and thence winds its way
through a deep gorge which it has excavated in the sandstone. 'I'he
-conglomerate differs from the lenticular bands described as occurriug with
the bedded trap, consisting of arenaceous particles loosely aggregated, and
'Containing~ near the base, quartzose pebbles.
Patches of green and red
-ochifey clay occur in different parts of the mass~ in a concretionary form.
'rhe red and green chlorite rock, fissile, but not stratified, enveloping
,masses of amygdaloid, is seen on the left bank of the stream, traversed by
aeams of quart~ and calc~spar, underlying to the NW. 50°. Above this
<the rock is greenstone, presenting a waH-like appearance, and rising in
()verhanging cliffs.
The precipice was perfi)rated with a gallery, where the quartz seams
are observed near its base, to the distance of one hundred feet. Several
.seams were cn;>ssed in the progress of the work which yielded native copper, but nowhere did the vein concentrate with sufficient power and rich~
ness to warrant the expenditure of much capital. This work was prose·c uted by the Douglass Houghton Mining Company, under 1he direction
'Of Messrs. Grout & Douglass, and their report to the company contains a
detailed account of their explorations and the character of the rocks.
The trap in this vicinity has not that firmness and liveliness of color
which belong to tpe truly metalliferous belts. Evidences of copper exist
in the shape of small strings and .leaders, but they nowhere concentrate
.and form what miners call a "champion lode."
The Quincy mine, (section 26, township 55, range 34,) near the west
arm of Portage Jake, atfords .as good a prospect for mining enterprise as
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any which we have observed in this vicinity, although this can :not be· regarded as among the best milJing-ground.
'The rock here consists of a dark-brown chlorite trap, with beds of
amygdaloid. Between the junction of these rocks native copper is observed in sheets, and disseminated in a vein-stone of calc-spar and chlarite.
'rhe veins, or rather the main lodes, range and dip with the formation,.
and send off branches at nearly right. angles.
The culminating point of the trap here does not exceed 400 feet. The
northern flank is covered with detritu:s,. and the rock at rare intervals
emerges to the surface. Hence there is really a small portion of the trap
range in this vicinity which is adapted to mining.
In the region of Portage 1ake,. the shock by which the beaded trap and
conglomerate were elevated does not appear to have been attended with
the protrusion of vast crystalline masses, forming a long range,. like the
Bohen:1ian mountains, or rounded groups, as in the vicinity of the Onton-·
agon, but simply to have caused a vertical dislocation, lifting Np the
beds on one side of the fissure 7 while the corresponding beds on the
opposite side remained compamtively undis. 6•
FIg.
turbed. There can be no doubt that there
existed a deeply-seated and powerful :fissure,
extending from the head of Keweenaw Point
to the western limits of the district, along th0
hlle of \vhich the volcanic forces were, at
different times, powerfully exerted-similar in
character to those in Guatemala, Peru, and
Java-the seats of modern volcanic action.
The only instance observed in this part of the district, of trap occur;.
ring remote from the line of the fissure is in the northest corner of township 49, range 36, fourteen miles southwest of the head of Keweenaw
bay. It is known as Silver mountain, ~lucus a non b1cendo,) wbich rises
up isolated and dome-shaped to the height of a thousaBd feet, and
occupies an area equal to three sections. The surrounding plain is
covered with deep deposites of clay, resting on sandstone,. in nearly hori~
zontal strata. The rock on the summit of the mountain consists of labrador and hornblende, the former largely predominating, and arranged in dis~
tinct crystals, with nodule8 of quartz and chalcedony scattered through
the mass. The flanks of the mountain exhibit nearly the same litho~
logical characters. Mining operations were prosecuted there a few years
since by the National Company. The hill was perforated by a gallery to
the distance of one hundred feet, along the course of a :fissure 1 dipping
63° to the northwest. The attle which lay about the opening was minutely examined, but we failed to detect any traces of copper; nor did the
appearance of the wall-rock or the fissure afford any well-founded hopes
of the presence of metalliferous deposites. The rock at the entrance of
the adit appears to have been broken by the elevatory movement 7 or successive movements, to which the mass had been subjected; for we found
the enclosing walls, ground and polished. In other places rounded
fragments of the wall-rock were included in the fissure. Near the mouth
o~ the adit the rock was compact,. but, on penetrating further 7 it became
\righly crystalline. Sco:rirn and amygdaloidal patehes were observed
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in the fissure, -as though they had been injected after the upheaval of the
anass. Near the summit a dike is seen pursuing a zig-zag direction.
Boulders of granite a foot in diameter and fragments of sandstone
.are strewn over the summits. Deep grooves and scratches, bearing north
20° east, are seen in this firm and crystalline rock.
Although this is the only instance observed of the protrusion of the
igneoh!s rocks through the sedimentary strata in this viciNity, yet evidences
-of volcanic disturbance exist; and we have reason ·to believe that eruptive masses have approached near the surface, without breaking through
the exterior crust.
Thus, about one-half of a mHe from the southern boundary of township
.50, a conical knob of sandstone, having ::t quaquiversal dip, is observed,
the strata he.i.ng much fractured and disturbed. 'Yhese explorations '-'·ere
.conducted by Mr. Hill.
~ANGE

OF 'THE

TRA.P

BETWEEN

PORTAGE

LAKE

AND

THE MONTREAL

RIVER.

External characters.-Between Portage lake and the Fire-Steel river,
the trappean rocks are less distinctly marked than on Keweenaw Point.
They appear in rounded groups, rather than in parallel chains; but beyond this point they again r1se in bold cliffs, which attain an .e levation of nearly fourteen hundred feet near Agogebic lake, when they
again sink down into a nearly level plain, with an occasional isolated
knob. This is their character between the last-mentioned point and the
Montreal river. rrhe Porcupine mountains form a lateral branch of the
main trap range, and coustitute nearly the highest points in the district.
The trappean rocks are extremely variable in their lithological character,
and among them the following varieties may be recognised:
1. Compact trap-varying in color and texture, and occasionally taking
into its compo.sition a large proportion of chlorite and a greenish magnesian
mineraL Some varieties are exceedingly fine-grained and close in their
texture, so that they break almost with a conchoidal fracture; others ·contain
a very large percentage of magnetic oxide of iron, and, if the block haYe
an angular, prismatic torm, and remain tor some time on the surface,
it acquires magnetic polarity. To the presence of so large a proportion of
itron is undoubtedly dtte the irregular variation of the needle so well known
to the liuear surveyors in the distriets ,tmderlaid by this class of rocks.
The fluctuations of the needle often indicate the presence of the trappean
rocks where they are effectuaLly coucealed by a thick covering of detritus
and soiL
2. Amygdaloid.-This variety is found irregularly seattered through
the trap, but by no means so abundantly as west of the ,o ntonagon river.
The base of the al'nygclaloidal trap is generally a fine-grained, homogeneous, dark-eolored mixture of hornblende and labrador, with numerous
amygdules ·--some of which are an inch iu thP-ir longitudinal directionfilled with difl'erent mineral subst:::mces. Between the Algonquin location and Agogebic lake, epidote frequently accompanies the amygdaloidal trap; west of the last-named place, it resernbles more nearly the tnp
of Keweenaw Point, and is a"6sociat.ed \Vi·th large quantities of the zeolites.
Where epidote fills the cavities of the trap, it -presents a radiated, crystal~
lized texture, and specimens of great beauty are frequewly obtaine~.
Generally the vesicles of the epidote are occupied by quartz, often rad1-
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ated. The quartz is frequently colored green by the presence·of epidote,.
and in such cases affords beautiful cabinet specimens.
The zeolitic minerals often form so large a portion of the rock that it
disintegrates and falls to pieces after a short exposure. At the Atlas
~fining Company's location, (section 18, township 50, range· 44,) now
abandoned, they are so abundant that they are found not only in all of the
vesicles of the· trap, but are distributed through it in large vein likP- sheets.
3. Porphyritic trap.-The hase of this rock consists of fine-grained
trap, through which are diffnsed long and distinct crystals of fddspar,.,
which, being white, stand out against the dark b-ase in bold relief. This
variety is found in loose blocks south of the trap· range; but it has not
been observed in place in this portion of the district.
4. Trap breccia.-This is a mixture of amygdaloidal trap and quartzose fragments resembling altered sandstone, and seems to have been the
product of the interfusion of the two rocks; it is seen at the Cushman
location, near the forks of the Ontonagon,. (section 36, township 50,.
range 40,) and also a rock somewhat similar in character is observed at
the United States Company's location, a mile or two west.
5. Epidote trap.-This variety occurs at many points, especially in the
vicinity of the Ontonagon river, occupying a space of several miles in
length. The compact trap often passes gradually into it, the epidote replacing the hornblende. .The seams of quartz and calc-spar containing
copper are almost always accompanied by epidote, which graduates on
either side into compact trap.
The varieties of epidote rocks are as numerous as those of the greenstone trap. Both, in fact, occur together over a considerable portion of
the district; and though the proper trap is by far the p:redominati!1g rock,
yet there are sections where the epidote forms almost mouJJtain masses.
The epidote, however, is rarely pure, but genemlly mixed with quartz,.
forming nodules of considerable size. \Vhere the former occurs in seams,.
or veins, it is much more pure,. and possesses a crystalline structure,
though distinct crystals of this mineral are of rare occurrence. Like the·
proper trap, it often becomes amygdaloidal, the amygdules being filled
with quartz and calc-spar. On the United States locati011 the trap and
epidote are seen in alternating bands, the cavities of the fmmer bei.t1g filled
with epidote and quartz, and those of the latter with quartz. and calc-spar.
6. Compact quartz, orjasper.-Thi::s rock occurs abundantly in mountain
masses, the highest summits of the Porcupine mountains being composed
of it. It varies in structure considerably at different points. The greater·
part of it, however, is a homogeneous compact jasper of a deep,. brick-red
color, sometifnes traversed by thin seams lined with crystals of quartzL
The jaspe is occasionally divided by fine lines or bands, waved or contorted, so as to form an impe1·fect ribbon jasper, but at other points particles
of white quartz are mingl-ed with the red jaspel'y mass.. rrhe compact
variety of quartz rock sometimes shows a gradual passage into quartzose:
porphyry, with occasional imbedded crystals of feldspar.
'The quartzose porphyry occurs in very large masses,. forming the
highest points of the trap range in townships 49 and 50, range 42~, on the
head-waters of Iron river. It is of a brick-red color, and contains small
crystals of white feldspar: not generally ex•:eeding an eighth of an inch in
length. Almost invariably,. fine rounded particles of vitreous quartz. are.
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found distributed with the feldspar through the jarpery base. It forms an
eruptive mass, and often includes fragments of the pre-existing igneous
and sedimentary rocks. This porphyry has generally a trappean structure,
breaking by natural joints into blocks more or less prismatic.
A singular nondescript rock occurs in a low ledge which crops out on
section 33, township 49, rangP. 43. It has a feldspathic base of a light
reddish color, through which irregular crystals of red feldspar and small
'i'Ounded particles of quartz are discernible, intermixP.d with a greenish
mineral, which appears to be epidote. It differs entirely in external characters from any rock found elsewhere in the district.
Range a·n d extent-associated nwtals.-The trappea:n range between
Portage lake and the Ontonagon river divides the country into two partsthe portion lying on the north being drained by streams which flow at
nearly right angles to the fqrmation, while in that portion lying south the
:streams flow nearly parallel with it. The trap range crosses Portage lake
in town~ hip 55, ranges 33 and 34-its width being about three miles-and
continues in a southwest course nearly parallel with the lake. In township 52, range 36, it contracts to less than a mile in width. Between this
point and Portage lake, trap is seen in the beds of the water-courses, and
along the water-shed line. Low rounded hills occur, with few exposures
of the rock. Within this distance there is no valuable mining-ground,
.and only one attempt at exploration has been made. The Old Settlers'
Company explored a vein, or seam, on section 6, township 52, range 35,
the coarse of which is north 65° east, parallel with the course of the
trap. This seam in no plar-e exceeds four inches in width, and is filled
with quartz and epidote, with particles of native copper disseminated.
The drift was extended for 30 feet. On section 36, township 53, range
36, a shaft was sunk upon a seam of similar eharacter; but the nature of
the rock gave little assurance of a valuable vein.
West of township 52., range 33, the trap again expands, occasionally
emerging in bold precipitous cliffs. Between this point and the Ontonagon
river the rock is in many places metalliferous, and atrords good miningground. It does not range in continuous chains, but appears in rounded
groups or isolated knobs.
At the Algonquin mine {section 36, township 52, range 35) the trap is
rather compact, and much mixed ·with. epidote. The ridge here bears
northeast, and the escarpment is to the north west-forming an exception
to the general rule found to prevail in this region. At the Douglass
Houghton mine, four miles southwest, the trap appears in numerous knobs
and short broken ridges, and affnrds good mining-ground. Masses of veinstone, consisting of quartz colored rose-red hy the sub-oxide of copper,
are found in the streams, indicating the proximity of veins. On sectio·n
15, townsltip 51, range 37, this company have explored an east-and-west
vein whiclt promises to yield a profitahle return. The rock is a darkcolored, compar.t trap, oe·casionally amygdaloidal, traversed by numerous
joints, the intervening sp&ces of variable width, being occupied by quartz
and calc spar. A detailed description of the works will be found under
the head. of Mines.
On the neighboring section, 21, the New York and Michigan Company
have made merely surface explorations. There are here two well-defined
and abrupt ranges of trap crossing the line between sections 16 and 21 1
in which several veins of metallic copper and blue carbonate of copper
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were discovered by Messrs. Grout and Douglass, who explored the loca~
tion. We :fi1und the same appearances here as at numerous other points in
the trap range in this vicinity, tQ wit: epidote occnrring massive and intermixed with the trap rock, and containing a small amount of copper.
Nothing, however, was found worthy of particular notice. The ridges of
trap are elevated about a hundred feet above the general level of thecountry, while the intervening ground is low and swampy.
About 10 rods south west of tht• cabin there is a trap h::nob which rises
to the heighr of 660 feet-the most elevated point in the immediate vicinity. On the line between 29 and 30 the ground was fonnd to be 633 feet.
'l'he trap here is amygdaloidal, with few indications of copper.
In the adJoining township west (township 51, range 38) the trap rises
in broken ridges to the height of 150 feet above the surrounding country,
presenting mural faces to the south. It consists for the most part of hard,.
crystalline greenstone, and is traversed by numerous contemporaneous
fissures, which are filled with quartz and calc-spar, an.d contain copper,
disseminated, and in masses 'veighing 15 and 20 pounds. We saw in
the northern portion of the belt no weli-defined veins; and, altogether, the
character of the rock is unfavorable for mining.
The epidote and quartz are occasionally observed in beds, associated
with native copper, having a course and dip corresponding with the adjacent stratified rocks.
'rhe Ad venturers' Mining Company and the Ridge Mining Company are
· located in this township--:-the forrne1· on the southeast quarte:r of section
35; the latter on the south west quarter of the same section.
In the southwest quartf'f of section 25 a vein was observed in a ridge
which extends across that quarter section, beaTing north 55° east, and
dipping to the northwest 45°. The veins tone was prehnite and calc-spar,
and contained traces of native copper. 'l'he foreign matter would not exceed one foot in width, but the brecciated rock occupied three feet.
'!'he Aztec Company are also working a small force in the southeast
quarter of section 25, in this township. ln the southeastern portion of
this township the rock appears more favorable for metals, but the explorations have not been carried sufficiently far to develop the true character
of the veins.
1:'he trap range in tbe adjoining township southwest is highly metal- liferous-as much so as any in this portion of the district.
Township 50, range 3~l.-As this is an interesting township in regard
to its topographical features, and one in which perhaps more mi,ning and
exploring have been done than in any other, we will give a somewhat
general desc:ription of its geology and topography before entering into
a particular description of thA several explorations and attempts at mining
which have been made. 'I'he Ontonagon river run£ diagonally across the
township in a winding conrse, separating it into two unequal portions.
The three main branches of the stream, called re~pectively the East, ·west,
and Middle forks, unite in sections 27 and 28, and form a broad river,
which, however, is much broken by rapids, and can only be ascended by
boats forced up against the current by setting poles. The banks of the
_river are generally of red clay, sometimes rising one hundred feet above
the stream, and worn into precipitous ravines, commonly called "hogbacks," which succeed each other many times in the course of a mile.
·To travel over them is a task at once laborious and vexatious. The trap
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range enters the township at the northeast corner, and pursues nearly a
northeast and southwest direction diagonally through it. On the east and
west line of section 12, there are two distinct ridges: the 11orthernmost
::md highest is 736 feet above the lalw, at the point of intersection.
'rhese ridges continue toler11 bly distinct and parallel in direction nearly
to the Ontonagon, 'vhen they gradually break off; and where the
river cuts through the range no rock is seen in place, but high clay banks
hem in the channel. The terminating knobs of the~e ridges are con·
spicnous objects from a distance, and are known as the "Three Brothers."
The North and Middle Brothers are the proper terminations of the two
parallel ridges; but the South Brother is a spur of the southern ridge. The
height of the Middle Brother above the lake is 758 feet; the other knobs
and ridges in the township are from 650 to 670 feet.
From the summit of the northern ridge the ground verges very
gradnally to the lake, there bPing no other breaks than ravines worn
by running water. South of the trap range there is a beautiful level
plateau of land, finely timbered with maple and hemlock; then succeeds
a broken and uneven country, intersected by numerous gullies. In
the beds of the streams sandstone may be seen in place occasionally,
though they are mostly excavated 'in red clay. The eurrent is generally
sluggish. The west branch of the Ontonagon flows along the line of
junction between the sandstone on the south and the trap on the north;
and it was on the left bank of this stream, near the water's edge, in section 31, of this township, that the famous "copper rock," now at Washington, was found. To facilitate its removal, a road was constructed
to the main branch of the river on section 20, which is known as the
'' Copper .rock road."
The trap is flanked on the north by a belt of conglomerate which bears
west-southwest, and occupies a width of one-fourth of a mile. Numerous
alternating bands of igneous and aqueous rocks are observed in this
township, or rather in the northern portion of it.
The trap ranges differ somewhat in lithological character. The northern range, as exposed on section 10, is somewhat porphyritic. Between
this and the second range there is a belt of sandstone l 00 feet in thickness, which is well exposed on section 16.
'rhe middle range is capped with greenstone, while its base consists of
a grannlar trap, with occasional amygdules dispersed through it, composed of hornblende, feldspar, and ehlorite-forming the most metalliferous belt in the region. At the base of this belt a thin band of conglomerate is observed about 10 feet in thirkness, dipping north 52°. Between the middl~ and southern ranges there is probably another band of
conglomerate concealed by the soil. The sou,thern range is composed of
a dark brown trap, more compact than the former, but likewise metalliferous.
The "South Brother" is somewhat isolated, and may be regarded the
most recent in geological age, since the sandstoue dips from it on the
south, and the bedded trap and conglomerate d ip from it on the north.
The principal workings in this township, east of the river, have been
prosecuted on sections 15, 16, 21, and 2~. The Mi1mesota Company,
on section 16, have a valuable mine, a detailed description of which will
be given under the appropriate head.
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The Ontonagon Mining Company sank a shaft on section 22 to the
depth of 40 feet, which afforded indications of little value. The rock
brought to light consisted of a mingled mass of epidote and trap,
traversed by seams of calc spar and quartz, with traces of native copp\\\r.
Associated with it were particles of oxide of iron, having a metallic
lustre, which were mi~taken for gray sulphuret of copper.
Another shaft was commenced near the northwest quarter of section
11, but soon abandoned.
· ·
'rhe principal shaft sunk by the company was on section 16, near its
eastern boundary, and was carried to the depth of 60 feet, through trap
which afforded no evidence of a vei11.
On the west side of the river, explorations were made on the northeast
qnarter of section 19, under the direction of Mr. Randolph. The hill
was perforated to the distance of 30 feet along the course of a supposed
vein, when he found it cut off, as the Ininers termed it, by a wall of
hard, compact trap. Near the seam, and against it, the rock is amygdaloidal, the cavities of which are filled with calc spar, epidote and
quartz. In the space of six or eight feet from the seam, the rock graduates into a hard, compact trap, and every trace of a vein is obliterated.
The q11antity of copper found at this locality was exceedingly small,
though some specimens yielded as high as 15 or 20 per cent., and was
finely interspersed through the rock.
'rhe Forest Mi:ning Company are exploring some veins west of the
river, with very flattering prospects, a description of which will be found
under the head of Mines.
The miniug attempts on section 31, by the Ontonagon Company, will
be alluded to in connexion with their operations on the adjoining section in range 40.
_
In addition to these explorations, numerous shafts have been sunk
and adits driven into the clay banks which border the river, by sanguine
adventurers in search of mineral wealth. Near the spot where the copper rock was found, numerous attempts of this kind were made. 'fhe
· true sources from which the loose masses of copper have been de:r:ived
are now fully understood, and fruitless explorations of this kind have
long since been abandoned.
'
Township 50, ra'u ge 40.-The trappean rocks west of the Ontonagon
pursue a course which varies but a few degrees south of west. They here
expand to a width of little more than four miles, and crop out north ofthe
west branch in bold, overhanging eliffs. About one- third of the northern
portiou of this township is occupied by the detrital rocks; while the middle, occupied by the igneous rocks, is low J and affords no valuable
mining ground. In the southern portion, numerous ~xplorations have
. been made by the U uited States and Ontonagon Companies. Those of
the latter have been principally confined to section 36. Here a vein-like
mass of epidote can be traced from the bottom to the top of a hill, and for
a considerable distance along the course of the formation, which bears
north 76° east. This mass is nearly vertical, and is one of the largest and
best .defined which we have seen. It has no perceptible walls, and on
either side it may be seen graduating into the trap. A shaft has been
~unk about halfway down the bill, and a drift extended to intersect it below. Other openings have been made at various points. Although some
masses of native copper weighing fifty pounds were extracted, yet the
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results, on the whole, could not be deemed satisfactory, for the copper
is diffused too sparingly to render the workings profitable. 1-,his company also commenced explorations on section 31 in tt:e adjoining township east. A vein-like mass of similar character, bearing nearly east
and west, and dipping northwardly, was observed near the base of a cliff,
into which a level was driven, without affording much encoura.gement to
·
continue the work.
The United States Mining Company were located on sections 34 and 35.
A superficial examination was made at the base of a trap c.liff perhaps
one hundred feet in height, where the rock consisted of trap mingled with
epidote and quartz, presenting a singular brecciated appearance. No copper was found. Beds of epidote may be seen in this ridge, having an approximate bearing east and west, in which traces of copper exist, but nowhere has it been observed in sufficient abundance to ju:stify mining operations.
On section 35, is a high cliff made up of irregular alternating bands of
amygdaloidal trap and amygdaloidal epidote. Sur£1ce explorations have
only been made here; in faet, there is nothing to warrant extended mining.
Township 49, range 40.-The trappean rocks oceur only in the extreme
northern portion of thi~ township. They rise in isolated knohs and broken ridges, north of the west branch of the Ontonagon, to the height of
three hundred and even four hundred feet. Mining operations are for
the most part restricted to the upper portions of the bluffs, so that, if systematically pursued, drainage can be effected with ease by means of adits.
The Ohio 1 1rap Rock Company are located on section 5, but most of
their .explorations have been made on section 12 in the adjoining township wes-t.
Township 49, range 41.-- The geological featnref; of this township do
not differ essentially from that last described. Bold cliffs border the river
on the north, through which are distributed vein-like masses of epidote containing copper. The eliffs extend through the township, not continuously' but in oroken ridges, and form the prillcipal mining ground.
The trap continues northward about five miles, occupying about one half of
township 50, but rarely emerges to the surface, and affords few facilities
fur mining.
Sections 17, 18, and 1«;-l, in the western limits of the township, WP.re respectively oc~upied by the Hope, Ural, and Astor Companies. A bluff,
occasionlly broken through by ravines, rises to the height of three hundred or four hundred feet above the west branch of the Ontonagon river,
in which masses of epidote and quartz, containing considerable copper, are
arranged somewhat in the :fi)rm of veins. In places they were observed
to expand to the width of five or six feet, and afterwards contract to a
mere seam, and sometimes run out altogether, or re-appear at a higher
level in the cliff. There were nn well-defined walls observed, and frequently the evidote was seen to pass imperceptibly into compact tr~p.
'I'hese tracts are now abandoned; but if these deposites are found productive after more extene1ed exploitations, mining ope!'ations will undoubtedly be resumed at this point.
The Ohio Trap Rock Company havfl performed much work in a bluff
of a similar character on section 12, and at one time their prospects were
regarded as highly flattering.
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Dr. Gibbs visited this tract in 1848, and from his notes we extract the
following information:
"The general character of the rock is a compact trap, containing much
epidote mineral, with quartz and calca;eous spar. The epidote generally
assumes the form of veins, intersectmg the trap in different directions,
but perhaps chiefly nG>rth and south or east and west. The copper is
found principail y in those veins which have an easterly and westerly
direction. In one of these, which dips about 35° to the north, two shafts
have been sunk, one of which was 60 and the other 40 feet in depth at
the time of our visit, and large quantities of epi~lote mineral, with quartz
and spar, had been raised. The epidote frequently is rich in metallic
copper, though as yet it has not been found in large masses. The copper
is also @isseminated, though sparingly, through the quartz, and affords
specimens resembling those from the Cliff mine. The epidote is often
bealitifully radiated, and, when mixed with the white quartz and bright
metallic copper, affords singular and beautiful specimens. At the bottom
of the hill, a drift is in progress to meet the two shafts. The hill is
about 130 feet ia height, and the distance to be driven is about 300 feet,
following the apparent course of the vein. Other openiNgs have been
made on the location and in this hill. The1 all present the same general
character-namely, a vein -like seam of epidote, containing seams of
quartz and calcareous spar, with particles of metallic copper. The fragments of epidote are often covered with a coating of carbonate of copper,
evidently derived by decomposition from the metallic copper. Sometimes
the decomposed epidote and earthy matter form seams in the rock, which
are regarded hy the miners as a rich ore. On the whole, the quantity of
copper obtained at the locality is sufficient to justify further explorarion
in proving the real nature of these deposites, though the occurrence of the
metal in pseudo-veins will render the ultimate suecess of the operation a
matter of some uncertainty. The appearance of the vein seemed, however, more promising as they descended upon it.
The adit-level has since been constructed i but the vein-like mass did
not prove as rich, where intersected, as was anticipated.
'rhe Boston and Lake Superior Company have made explorations on
section 11, about one-fourth of a mile further west. The general character of the deposites of copper is similar to that of the Ohio 1 1 rap Rock
Company. 'Two vein-like masses of epidote, rnixed with quartz and
calc-spar, meet at right angles-the nne running nearly north and
south, the other east and west. Two inclined shafts were sunk to the
respective depths of thirty and sixty feet. 'The bed pitched to the north
about 48°, and was thought to become richer in its downward course.
'l'his mine is temporarily, if not permanently, abandoued."
This portion of the trap range appears to be richer than any other in
the district west of the Ontonagon. It is characterized throughout by
these "epidote veins," as they are provinci ally termed, which in many
plaees offer flattering inducements to mmers; but it must be confessed
that the explorations thus far have not demonstrated that they can be
pr0fitably wrought.
Township 49, range 42.-The trap ar:ljoins Agogebic lake on the north,
and expands to the width of eight miles. 1'he range of bluffs before
described is continued through the southern portion of this township,
and presents the same geologtcal features. In the northern portion are
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numerous high knobs of quartzose porphyry, in which no ttaces of copper
have been detected. 'rhese extend in an east-northeast direction for
about six miles, and vary in width from one to two miles. On section
24, known as Boyd's location, explorations to a limited extent have been
made.
Near the bed of the stream, by the cabin, occurs a mass of epidote,
passing into trap, and containing specks of metallic copper. A small
quantity of rock has been thrown out here, but the percentage of copper
is very light indeed. At the southeast corner of the location, near the
summit of a trap cliff 200 feet in height, occurs another mass of epidote
rock, which has been explored in search of copper. 'rhis mass is about
six feet in breadth by ten in length, and presents superficially some of
the characters of a vein, but passes gradually into the trap both above
and below, so as to be no longer distinguishable at the distance of a few
inches. A few particles of copper are found in the epidote; but appearances, upon the whole, are unpromisiug.
About one -fourth of a mile east of the cabin is the locality kllown as
the "Red oxide vein." The trap is very hard and compact, and contains
epidote, which is sometimes stained by carbonate of copper. The seams
of the trap are filled with thin plates of a red crumbly substance-probably decomposed laumonite. The epidote has, as usual, some resemblance
to a vein. Considerable masses of ore have been obtained from this
place, being mostly native copper iucrnsted with the red oxide, which is
probably an after-product from the oxidation of native copper. Near this
place is another opening of the same kind; but no copper nor signs of a
vein could be discovered. On the whole, there is no reason to suppose
that mining operations at this point will be attended with success.
The trap occupies only portil)ns of the first tier of sections i11 the adjoining township (48) south. On section 6, the Charter Uak Company
erected buildings and made surface explorations. 'l..,he copper bt:aring
rock is similar to that which is characteristic of the whole of this rauge,
aud to describe it more in detail would be superfluous. The location is
now abandoned.
From this range west to the .Montreal river, (we speak not now of the
Porcupine mountains,) the country is low and swampy, affording few
facilities for mining operations. 'l'he rocks rarely emerge to the surface,
and, when observed, are in isolated knobs, inslead of coutinuou5l ranges.
The bed of the Presqu' Isle was examined by us with great care, as
well as the country lying west of the river, before the organization of the
survey. 'rhe conglomerate Is seen flanking the trap on the north, as
well as intercalated with it in lenticular bands. "rhe junction between
the two classes of rocks occurs in section 26.
Township 49, range 45.-The trap resembles that of Keweenaw Point,
and·, near the junction of the different mineral planes, is highly amygdaloidal. The zeolites, so rare in the Ontonagon region, are here very
abundant.
A bed of quartz slightly tinged with the sub-oxide of copper is seen in
the trap on section 26, near its northern limits. Numerous and apparently contemporaneous fissures traverse the mass, which are filled with
prehnite, laumonite, and calc-spar, through which native copper is
diffused in small specks. Fissures of greater power, and apparently of a
later age, cut the mass in a north and south direction, but they are rarely
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metalliferous. Between Presqn'lsle and Black rivers, occasionally, de·
tached knobs of trap are observed, which afford no inducements to mining.
The Cypress River Mining Company erected cabins on section 26J which
were subsequently abandoned.
The bed of Black river, above the point where the conglomerate and
trap meet, exhibits few exposures of rock. · On section 5, township 48,
range 46, the Chippewa Mining Company explored a vein in the bed of
the stream to some extent, but developed nothing valuable, there being an
ill -defined vein through which native copper is sparsely disseminated.
The trap here rises in hills two or three hundred feet in height, occa'Sionally exhibiting mural escarpments. Beyond these hills south ward the
country sinks down into a nearly level plain, covered with deep deposites
of drift.
Between the Black and Montreal rivers a low range of trappean hills
runs parallel with the coast, but in no instance intersects it. To the
south the country is low and swampy, but occasionally a trap knob rises
up to diversify the monotony of the scene.
The Montreal, a rapid, brawling _stream, affords a good section of the
rocks. For four miles above its mouth, it clashes through a deep gorge
which it has excavated in the rocks, laying bare the bedded trap, conglomerate, and sandstone. - The trap is both compact and amygdaloidal.
The belt in proximity to the conglomerate is decidedly vesieular and contains an abundance of the zeolitic minerals, in which occasional traces of
copper are observed. There are numerous irregular veins of a hard,
quartzose material, occasionally stained with copper, bearing north 55°
west, with a dip of 45° or 50° northwardly. They are very limited, and
we do not consider them as affording any possible indication of valuable
lodes.
The Montreal River Mining C0mpany occupied sections 23, 24, 25, and
26, township 48, range 49. The exploitations of the company were very
limited, and the locations are now abandoned.
PORCUPINE MOUI'fT AINS.

These mountains) as will be seen by an inspection of the map, are an
off-shoot at nearly right angles from the main range, and form the culminating points in the district, if we except a few points near Agogebic
lake. 1.-,hey assume a crescent "form--a peculiarity in the trappean rocks"'
which has been noted by Dr. Percival in his description of the geology
of the State of Connecticut. The great mass consists of quartzose por- '
phyry and jasper, though in other portions the amygdaloid is not vvanting. Copper has been observed at numerous points, but no valuable
lodes have been, nor probably will be, developed. To show the character of the rocks, and the association of the copper, we will advert to
the principal points where explorations have been made.
Township 51, range 42, section 27.-The Union River Company have
here made quite extensive explorations-more so than any other company
in the region. The seat of their mining operations is about two miles
from the mouth of Union river, and is elevated 309 feet above the lake.
A bed of trap, 500 o.r 600 feet in thickness, is included between parallel
planes of sandstone, and dips northwest at an angle ()f 25°. Along the
line of junction between the sandstone abo.ve and the trap below, and
occupying a thickness of about 5 feet, is a bed of amygdaloidal chlorite,
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containing copper in bunches anrl disseminated. On this bed two shafts
have been ~unk to the resper,tive depths of 100 and 128 feet, and a gallery
extended between thnm. Two vertical shafts were also sunk to intersect
the inclined ones. The intention of the company was to make use of
the hydraulic power afforded by the stream to raise the attle. Subsequently another shaft was sunk farther north, through sandstone,
which intersected the bed at the depth of 120 feet; but the attle thrown out
disclosed only a trace of copper. The banging-wall of sandstone afforded
several very good specimens of silver. In coutact with the foot-wall there
was a thin seam of clayey matter, called by the minersjiucan, consisting
of decomposed chlorite; Near the surface eopper was found in considerable masses, some of which weighed 50 pnunds; but we could not gather
that these occurred in the downward progress of the shafts. The copper
here often forms a thin envelope around the exterior of the vesicles of the
trap, while the middle is replaced by chlorite or calc spar. The mass
brought to the surface was very meagre in copper, not exceeding one
per cent.
In the bed of the stream, a few miles above the mine, is a large mass
of quartzose and sparry material in the trap, with chlorite interspersed,
which has been explored to some extent. It has a reddish tint, communicated by the sub-oxyde of copper. 1-,he workings are now abandonded.
Township 51, range 42 -On secti01l.s 22 and 27 the Boston Mining
Company have made surface explorations, whi~h resulted unfavorably, in a
trap belt, which is an extension of that last described. There is a vein of
quartz and silicate of lime, containing traces of metallic copper, which bears NE. and SW., and dips NW. at an angle of 30° or 40°, and varies
from eight to ten feet in width. The trap here is very much fractured,
and contains seams of highly polished chloritic matter (slickensides.)
At the junction of the trap and sandstQne, no signs of the bed wrought .
by the Union River Company are observable.
Township 51, range 42, section 32.-Kear the correction line, a shaft
has been sunk to the depth of fifteen or twenty feet into the hard jasper,
which remains a monument both of persevering industry and misdirected
effort; since the difficulty of boring and blasting the close grained and
tough silicious rock could only be equalled by the absurdity of attempting to mine a seam of clay in perfectly barren walls.
Township 51, range 43.-Thi~ township has been the site of much
mining exploration, and therefore deserves more than a passing notice.
It is much broken by ranges of the Porcupine hills, and mural precipices
extend from the, centre of section 13 to 30. The highest point is 975
feet above the lake, and on the side opposite the coast presents a vertical
face of several hun~red feet, with a steep talus of angular fragments at
the bottom. The trap, which attains a thickness of several hundred feet,
is included within parallel planes of detrital rocks. 'rhis range bounds
the valley of the Carp river on the .north; while to the south, and within
the distance of a mile, a second range is observed, composed of amygdaloid, having rounded summits. Still beyond occurs the elevated range of
quartz and jasper roch.:s, in which no trace of copper has been detected.
Almost all of the explorations in this township have been made in the
first range, near the junction of the trap and sandstone.
On section 14, the Isle Royale Company explored a deposite of copper
in some respects similar to that of the U tiion Company. The sandstone
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masses of metallic copper, one of which weighed 55 pounds, were found
here dips at an angle of 20° to the north, and has been much altered
by contact with the igneous rock. A seam, about a foot in width,
consisting of blue plastic clay and chlorite, with round~d fragments
of sandstone, is interposed between the two formations. In this seam
directly in contact with the trap. An inclined drift was carried on the
bed to the depth of 20 feet, but the traces of copper became more iudistinct. Several feet ahove was a seam of calc -spar, from one to four inches
in width, and in some places expanding to a foot, intermixed with frag·
ments of the walls, forming a breccia; several feet below, a narrow seam,
carrying metallic copper was observed, but it gave no evidenee of
being valuable. The annexed wood -cut is a section of the cliff at this
Fig. 7.
point. About one-fourth of a n1ile west,
the same company explored one of the vein1like masses of epidote, associated with
native copper, like those west of the On.
tonagon, bearing north and south, but it
afforded little eucomagement to persevere.
Towns/tip 51, range 43.-The Delavan
~--/0lll-' ·'' '
///
C,ompany explored on sectior~s 27 and
~ ~~-:~) 1i)_: _ /~t;:~ ~ 28. There are no regular vems or ap·
~~v-~ ~~
.-.,;%<S3"'o~
/!~
_pearances of veins on either of these set:;;::c:.~~ ~ ~
%
tiot1s. ' The rock is epidote, passiug into
./ / /~/"/~ ~;' amygdaloidal trap, so intenuixed that it
/ / // / _, /~/ is impossible to draw the line of demar·
cation between them. The amygdriles are often filled with epidote,
both pulverulent and crystalline-the bright green of the fonner forming a
striking contrast with the dark brown of the latter. A shaft was sunk a
• few feet in the rock, which here presents a very brecciJ!t8d appearance,
traversed by numerous seams containing calc-spar and the zeolitic minerals.
'fraces of the gray sulphuret of copper were here observed, and also on
section 21; on the adjoining section 32 the Croton Company sank a shaft
in a similar rock, but fonnd nothing to induce them to persevere.
On section 30, the hie Royale Company mined pretty extensively.
'rhe character of the rock is similar to that on section 14, before described.
V'lith regard to the Porcw pine mountains it may _be said, without hesi·
tation, that there are no indications of copper of snfficient promise to
warrant mining enterprises. There are no true, well-defined lodes, but
irregular seams promiscuousty scattered through the trap.
We have endeavored to give, briefly, i:l synopsis ,of what has been done
in the way of exploitation by the several companies. Originally, all of
the trap belt was secured by permits, and even portions of the sandstone.
It will hardly be necessary to say that these permits were located t at a
time when the speeulative fe\'er ran high, and when the mere presence of
trap \Vas regarded as a sure index of the proximity of valuable lodes of
copper. Before the expiration of 1848, 11carly all of the companies in
this region had abandoned their locations, regarding them as worthless;
and, at the end of the succeeding season, there was not, to our knowledge) a white man left.
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ISLE ROYALE.

In many respects, Isle Royale may be reg·arded as the counterpart of
Keweenaw Point . On both, the l'ines.ofupheaval are nearly parallel, exhibit the same banded structure, and yield the same metallic products.
There are, however, minor differences. The conglomerates here are
not developed on so grand a scale -different systetl'lS of fracture are found
to prevail; but on both shores, the lines of inclination converge towards
a common centre, forming a synclinal valley several hundred feet below
the ocean-level, which is occupied by the waters of the great lake.
We have ~een that the Jesuits formed the most extravagant notions with
regard to · the mineral wealth of this island; and those notions, though
greatly modified, prevailed among the ex;Jlorers at a later day.- Nothing,
however, has been revealed to justifY those expectations; and the island,
for mining purposes, may be regarded as infinitely less valuable than Keweenaw Point, or the region in the vicinity of the Ontonagon.
In an agricultural point of view, it is less valu~ble than any portion of
equal extent in the district. The soil is scanty., and the timber which it
sustains is dwarfed and stunted.
Range and e.xtent-metollic contents.- The trappean rocks range
through the island in a northeasterly and south westerly directiou, forming
numerous ridges, which seldom attain an elevation five hnndred teet
above the level of the lake. Almost everywhere they present a bedded
:structure, and the beds display marked lithologieal differences. The lines
of bedding almost invariably are found to be coincident with the lines of
stratification in the detrital rocks which occur on the southern portion of
the island.
A line drawn from the western extremity of the island, and cutting midway between Siskawit lake and the bay of the same name, would represent the junction between the two formations -the igneous occupying the
northern, the aqueous the sGuthern porticm. · F.,rom the eastern point the
line curves abruptly, and approaches the shore on the south. There is
evidence of a powerful lateral dislocation here, by which· one portiun of the
mass has been forced beyond the corresponding portion, thus interrupting
the continuity of the strata. Other evidences of the same phenomena have
been observed on other portions of the isiand, which will be described in
the detailed geology. 'rhe length of the line occupied by the trap, from
Phelps's island, in Washington Harbor, to Passage island, which is an extension of Blake's Point, is fifty one miles; its breadth varies from fonr
and a half to seven miles. The physical obstructions to a successful exploration of the interior of the island are greater than we have encountered
in any other portion of the minerai district.
The shores are lined with dense but dwarfed forests of cedar and
spruce, with their branches interlocking and wreathed with long and
drooping festoons of moss. ·while the tops of the trees flourish luxuriantly, the lower branches die off and stand out as so many spikes, to
oppose the progress of the explorer. So dense is the interwoven mass of
foliage that the noonday sunlight hardly penetrates it. The air is stifled;
and at every step the explorer starts up S\varms of musquitoes, which,
the very instant he pauses, assail him. Bad as this region is by nature,
man has rendered it still worse. Fires have swept over large tracts, consuming the leaves and twigs and destroying the growth, while the heavy
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winds have prostrated the half.chLured trunks, and piled them up so as to
form almost impenetrable barriers.
As we ascend the ridges, the maple and the birch replace the cedar and
the spruce, and the physical obstructions become less formidable. These
ridges occur at short intervals, and preserve a great degree of parallelismbearing northwest and southeast, and are uniformly precipitous on the
north, and gently sloping on the south. 'The valleys l!>etween are occu.
pied by swamps, clothed with a dense growth of resinous trees, 0r with
small lakes arranged in chains. ,-rhe coast of the island is rock-bound,
and, like Iceland, intersp.cted by numerousjeiords, or narro\v and deeply
indented bays.
In describing the detailed geology, we commence at the eastern ex·
tremity of the island, and thence pNceed west.
Runge 32.- Passage island occurs within this range. It is three miles
from the nearest point of the main land, and was fabled as possessing
rocks of pure copper, so t~~at when a stone was cast against thum a ~mind
like that proceeding from brass was emitted. It is two miles in length,
and its shores are rock bound, but indented with numerous b::tys, which
afford excellent boat-harbors. The prevailing rock is a dark varioloid trap,
which rises near the centre of the island tG the heigllt of more than one
hundrt'ld feet, intersected by numerous veins runniug north and south,
bnt nowhere affording much inducement for mining enterpriRe.
Ran!!'e 33, townships 66 and 67 .-·Within these townships are numerous projecting headlands and deeply indented bays, lmown as the Fingers
of Isle Royale. The southern portion of Rock Harbor is bounded by a reef
of islands, twent}r·four in number, arranged iu a linear direction. The
rock is a dark-gray trap, not very firm, and occasionally contains amygdules, filled with agate, chlorite, Ghlorastrolite, calc-spar, &c. A narrow
belt of conglomerate is seen intercalated in the trap, bearing northeast and
south west, aud dipping southeast 12°, and good exposures occur on Caribou and .M:ott's islands. A seam of calc-spar, about eight inches in thickness, conforming in course and inclination to the conglomerate, runs
through sevrral of these is] ands, which, in a regia n remote from masses of
limestone, may ultimately prove of economical value. On .Mott's island
and Shaw's island there are veins of considerable power, but, owing to the
proximity of the lake, it was thought that they would never prove valuable, since it would be impossible to free the .t-nines froni water.
Scm;ill's Point. -A cap of dark-gray trap, breaking into cuboidal blocks,
and well adapted to the purpoEes of construction, is here seen, forming the
northern boundary
Fjg, 8.
of Rock Harbor. h
rises in cliffs thirty
and even fifty feet in
height, forming an
excellent sea-wall.
From the head of
the harbor to the extremity of the point
there is not a pebble
beach of any extent.
Beneath the compact trap is a thin
band of amygdaloid;

I

Doc. No. 69.

83

below this a bed of columnar trap, which gradually rises as we advance
northward. The columns are arranged in prisms @f five, six and seven
sides, broken by joint.:;, at short intervals; but we nowhere observed the
structure known as ball and socket. The adjoining sketch, takeR on the
north side of Scovill's Point, will convey a correct idea of the appearance
of the columnar trap.
In the compact trap a well-defined vein of considerable power is seen,
bearing north of east and south of west, ancl. extending almost uninterruptedly from Ransom to the extremity of the point-a distance of nearly
nine miles. This has been explored at different points by the Ohio
and Isle Royale Company, by the Siskawit Company, and by Messrs.
Shaw and Scovill. The vein-stone consists of chlorite, quartz, and calcspar, with native copper in thin sheets and in bunches, and in the compact trap presents favorable indications, but, on entering the columnar trap,
it rapidly contracts and becomes worthless. A more detailed description
of this vein will be found under the head of Mines.
The columnar trap is also seen on Blake's Point and on Silver island.
The amygdaloid before described crops out on the southern side of the
point. It is of a dark-brown color, and contains numerous agates and
vein-like masses of pitch stone. On Blake's Point, the trap attains an
€levation of . 250 feet, and consists of a dark-gray varioloid greeBstone,
traversed by numerous belts of sienite, (crystalline feldspar and hornblende,) arrangeS. in strataiform masses. Copper is generally found disseminated through these belts.
On section 33, township 66, a vein can be traced, bearing north 50° east,
containing quartz, chlorite, and spar, with considerable copper. It is in
the varioloid trap, but, at the depth of 15 feet, one of the sienitic bands
occurs, in which the vein is ill defined.
On the northwest quarter of section 33 is one of those natural monuments which instantly attracts the eye of the observer, known as "The
Cloven Tower.''
The varioloid trap here rises in two columns to the height of about sixty
feet, which are separated from one another by an interval of only a few
inches in width. They are very symmetrical, resembling obelisks, and
altogether form one of the most pleasing features in the scenery of the
island.
The varioloid trap skirts the southern coast of Duncan's bay, in bofd
overhanging cliffs. From their summits, the eye has an almost unlimited range. To the north, the Canada coast can be traced for more than a
hundred miles: all of the prominent points--St. Ignace, the Paps, Thunder cape, Pie island, McKay's mountain, and Prince's bay-are distinctly visible. The many inlets around the island, fringed with evergreens,
are seen almost beneath the feet. To the east and south, a boundless
expanse of water stretches out, unenlivened by sail or other evidence of
man's works. In peculiar stages of the atmosphere, the outlines of Keweenaw Point may be traced, resting like a cloud upon the verge of the
horizon. The amygdaloid emerges from the base of these cliffs, and, for
the most part, forms the underlying rock on Locke's Point. It is of a
dark -brown color, and very soft, dipping southerly at an angle of 40°.
Range 34, townships 65 7 66, and 67.-The following section, across the
island, nearly through the centre of these townships, north and. s0uth,.
will show the contours of the country and its geological structure.
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"l.,he southern coast in this range is rock-bound, the rocks often rising
in rounded, irregular masses to the height of fifty feet. Numerous coves
occur, bounded by high cliffs at the entrance, with pebbly beaches at the ·
extremity, which are secure places -of refuge in a sturm, come from w.hat .
quarter it may.
'
The entrance to Chippewa Harbor affords a beautiful section of the intercalations of the sandstone and trap, there being no less than five in the
distance of less than a mile. These beds bear SW. and NE., and dip
from 12° to 2H 0 to the SE., and tespectively vary from a fi>Ot to 80 feet in
thickness. When traeed across the harbor a few rods only in extent,
·t hey are found to have been snbjected to a powerful dislocation, extend- .
ing in a NW. and SE: duection, and amounting to 971 feet in a liuear
direction.
At and near the junctions of these different rocks, marked changes in
their lithological characters are observed, which throw much light on
their origin.
~'I'he upper portions of the sheets of trap are highly vesicular, resembling pumice. Fragments of amygdaloid, sometimes rounded, at others
angular, are found enclosed in the pumice-like trap, as though they
had become detached and afterwards rennited to the mass, while in a ·
molten stattl.
r\umerous short and - irregular fissnres, extending to
no great depth, are observed Du the upper stirface of the trap, in which·
sandstone has been deposited. 1'he foU',owing sketch will explain the
nature of the fissures and the .p osition
. IO •
F Ig.
0f the included fragments of amygdaloid. Bet'\veen the sandstone above and
the trap beLow, it is extremely difficult to
detern:Jine where the one begius and the
other ends.
Fragments of amygdaloid,
angular or partly rounded, are included
in the sandstone-more numerous near
the base than at . ~he top of the deposites. Where the sandstone is impo~ed
on the trapp there is httie evidence of
its having been metamorphosed; but, on t-he othf'f hand, . where the
trap rests on the sandstone, the line ofjunction is clear and well defined.
'rhe trap is lt~ss vesicular; and the upper portion of the sandstone belt, for
the distance of three or four feet, is co11verted into a ribbon jasper, having
a cornpact texture. rrhese phenomena have been observed at numerous
places: both on Isle Royale and Keweenaw Point. Tile bP-ds of sandstone
are not shattered, nor does the igneous rock penetrate in the form of dikes
or rami.fying veins~ AH the ·phenomena indicate that the igneous rocks
were not protruded in the form of dikes between the strata, but that they
flowed litre tava sheets over the pre ex1sting surface; and that the sand was
deposited in the fissures and df~pressioN.s of the igneous belt, in some
cases, while the mass wa:-; in an incandescent state.
A bed ot crystalline c-alc-spar, varying in thickness from six inches to
two feet, is observed in Chippewa Harbor, and is well adapted to making
quicklime. Thin beds of epidote, containing native copper, are also observed, having a bearing and dip conformable to the s0.ndstone.
Such is the nature of the country, that it is impossible to trace th~se

88

Doc. l\"" o. 69.

conglomerate bands to any considerable extent, but they probably wedge
out in short distances, forming in fact lenticular bands.
A thin belt of eouglomerate lines the northern shore of Conglomerate
bay, with a dip of 6° to the southeast, and is protracted thence along the
southern shore of Rock Harbor. A thin belt of sandstone occurs about
a fourth of a mile 110rth of Ransom and this is the farthest point north
along the line of the section at which the purely detrital roc.ks have been
observed.
Between the Ja~e shore and Rock Harbor, embracing the fractional
township 65 and the extreme sontbeast portion ·of 66, the rock is a dark
compact trap, occasionally amygdaloidal, consisting ofhomblenrle, chlorite,
and feldspar. The stratiform appearance in places is very marked, partiC\llarly near Comglornerate bay, resembling in some respects a sedimentary rock altered hy heat. Occasionally a band of crystalline greenstone
is found included in the softer rock.
'rhe ridges which form the Fingers of the isla111d, before described, extend through township 66, and present few differences in external characters. The crystalline greenstone which characterizes the middle range,
and of which Blake's Poiut may be regarded as the prolongation, forms
the cnlminating point on this part of the island. In the southwest
quarter of section 15 it ri~es to the height of five hundred and thirteen feet.
In crossing the island from Hock Harbor to Amygdaloid island, the traveller encounters a series of sharp ridges, with intervening swamps. The
escarpments are iu variably on the north side, w hile on the south the slope
is gradual. The clusters of islands and headlands on the nmthern
portion of this township consist of amygdaloidal and compact ~rap, but
afford little encouragement for llJining enterprise.
,.rhe best miuing-grunnd in this range i5 near the junction of the two
systems of rocl<s in township 65. Tbe trap is traversed by numerous
veins, some of which appear to be met9-lliferous. The main veins pursue
an easterly and 'westerly course parallel with the formation, but dip to the
n orthwest, thus forming nearly a right angle to the inclination of the
sedtmentary rocks. Datl1olite, in many casel3·, fonns nearly the entire
gangue. Numerous explorations have been made in this vicinity by the
Ohio anti Isle Royale Company, which will he uotir.ed unqer the head of
JVlmes . .
Ra11f.{e 35. townshi;,s 65 and 66.-Sandstone and conglomerate 1orms
the projectiug points by the la.h e shore in the southwest quarter of town·
ship 65. Along the !me of jnnctic1 the same phenomena are observed as at Chippewa Harbor. The coa~t is hned by heavy masses of
trap, with occasional imlentations, which afford excellent boat-harbors.
Powerful fissn res traverse the rock in a northerly direction, and occasionally afford indications of copper. On section 34 a vein of this kind
has been explmed to a lirnited extent. Stratifon11 masses of epidote, containing copper, are also observed, included in the trap.
Receding from the lake shore, the country becomes low, and the rock
rarely emerges to the snrface. In the south pan of the northwest quarter
of section 24, amygdaloioal trap was observed, containing the zeolite minerals. It is ' exposed in the hed of the stream which conuects Siskawit
lake with the bay, almost in contact with the conglomerate, and is traversed by numerous and apparently e;mtemporaneous fissures, occasionally
affording traees of copper.
After crossing the first chain of lakes} the country is intersected by
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many sharp ridges, sloping from the summit to the southeast, but breaking
off abruptly in perpendicular cliffs to the northwest. The rock is a
hard crystalline greenstone, with belts of porphyry similar to those before
described.
At the head ®f McCargoe's cove, the rock is amygdaloidal trap; but
between this point and the lake_shore, on either side, high cliffs of greenstone occur. The same rock bounds the coast from the outlet of this
cove to Todd's Harbor, intermingled with bands of porphyritic trap,
having the regularity of sedimentary deposites. This appearance is particularly marked on the main sh01e, opposite Hawk island. The outer
reef consists of amygdaloid which is also seen underlying the greenstone at
the eastern extremity of ~"fodd's Harbor. Occasionally veins running
north and south traverse the greenstone, but are for the most part
pinched and unproductive. The best vein of this ciass hitherto observed
occurs on section 12, in the adjoining range west, and is wrought by the
Pittsburg and Isle Royale Company, with a good prospect of success.
Range 36, townships 64 and 65.-The northern coast of the island in
this range is lined ~ith high cliffs of greenstone, so little indented as to
afford hardly a boat-harbor. It breaks into cuboidal blocks, and occasionally
presents the banded structure before described. Numerous north-and-south
veins are observed, and the gangue almost invariably exhibits traces of
copper. In the interior, the main range of trap courses through the
township in a northeasterly and southwesterly direction, but the subordinate ridges are less clearly marked. The southeastern portion of township 65 is low, and the rock rarely emerges to the surface. The same
rema1·ks will apply to the fractional township 64. Near the southern
border of Siska wit lake, the linear surveyors are said to have discovered
a vein of some promise; but it escaped our notice. They also found on
the shores of this lake a mass of ,native copper weighing about twenty
pounds. The _southern coast in this range consists of conglomerate and
sandstone.
Rauge 37, townships 64 and 65.-A line -drawn from the southwest
quarter of section 13, in township 64, to the centre of section 31, will jndicate very nearly the junction of the two systems of rocks. In following
up the small stream which flows into the northern arm of Siskawit bay,
the trap is exposed for the first time on the northwest quarter of section
23. Nmnerous parallel ridges are intersected in crossing the island,
which attain no great elevatipn. The highest range lies immediately
north of Lac Desor, and consists of greenstone, affording no evidence
of veins. The northern coast in t!J_is range is so girt with. rocks that in
rough weather it is impossible for the voyageur to effect a landing.
Range 38, townships 64 and 65 ...:_But a small portion 1 of tow11ship 64 is
embraced in the trap range, and the heavy accumulations of drift effectually conceal the rock. A ridge of hills, two or three hundred feet high,
skirts Washington Harbor on the south, which are so covered with debris
that the rock cannot be well explored. Loose masses of veinstone have
been observed on the flanks of the hills, which would seem to indicate
the presence of veins.
Another elevated ridge occurs between Washington Harbor and the
lake shore on the north. The rock~ rise in bold, perpendicular cliffs, and
Jrom their summits the eye has an almost unlimited ran-ge.
'rhe shore is rock-bound, the cliffs ranging in almost unbroken lines,
and presenting a wall -like face towards the lake in many places a hundred
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feet in height. Hugennin's cove is the only harbor in thist vicinity in
which the voyageur can take refuge.
The cliffs along the shore exhibit numerous alternations of different
igneous rocks. 'rhe following sketch was taken on section 28. Thin
Fig. 11.
bands of porphyry are found
imbedded in dark eompact
trap. 'rhey bear northeast
and southwest, anJ dip southeast 21°. Whether these alternating bands are dne to
successive overflows of igneous matter, or are the result of
different affinities while the
entire mass was in an incandescent state, we are not prepared to say; but are inclined
to the former opinion, since
the lines of bedding are found
to correspond with those of
the detrital rocks.
At another point on the coast the following section was observed:
Compact trap. breaking, into cuboidal blocks
Porphyritic. trap •'
Com pact trap
Porphyritic trap Compact trap
Porphyritic trap -

·compact trap

Feet.

Inches.

15

0

0

3

4
0
1
1

0
2
6
0

1

.6

23

5

These alternations exhibited well-defined lines of junction, and preserved their parallelism along the face of the cliff, as far as exposed. The
bearing and dip were the same as in the section before described. 11 he
lines of division pursued an undeviating course through the several bands.
A small vein ~vas observed at one point cutting vertically through these
bands, and the veinstone exhibited marked changes in its passage·throngh
the different belts.
At a point about one-half of a mile to the west; numerous alternations
of compact trap and amygdaloid were observed, having the same regularity in bedding and inelination.
We have observed this banded structure in the igneous rocks, at short
intervals, from Blake's Point nearly to ·washington Harbor, a distance of
forty five miles; and throughout th€ entire extent of the jsland they present a remarkable uniformity in bearing and inclination. ·They were, undoubtedly, deposited at first in nearly horizontal sheets, and owe their
present inclination to the same upheaval which uplifted the associated
sedimentary rocks. We regard them as purely igneous products, and .
not as the result of metamorphism.
RtJnge 39, townships 63 and 64.-Between Hugennin's cove and
Washiugtn11 Harbor, the trap lines the coast in overhanging cli.ifs a hundrecl and fifty feet in height. In roundiug the end of the island, where
.
1
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the different beds of unequal firmness have been exposed to the action of
the surf, numerous coves are observed walled up on either side, and skirt·
ed at the extremities by agate beaches. Rounded masses of prehnite
containing coppf!r are abundant on all of the islands, and several beautiful
specimens of silver have been picked up in the same association.
Phelps's island, on the southern side of the harbor, holds out strong in·
ducements for mining enterprise. On the southeast shore (section 10) is
a vein, bearing south-southeast, lt; inches wide, containing calc·spar,
prehnite, and native copper. Still further to the east is another vein of great
power, bearing nearly north and south, and thirty inches in width. The
veinstone consists of quartz, laumonite, and prehnite, with native c0pper
disseminated.
On the southeast quarter of the same section is another copper.bearing
vein, well defined, and seven inches in width.
Appended to this chapter will be found a tabular list -of the tracts in
this district supposed to contain copper.
·
In desiguating such lands as were regarded as mineral, we have been
governed by the following considerations:
All of that portion underlaid by sandstone and conglomerate has been
excluded-experience having demonstrated that, although they contain
traces of copper, no valuable lodes need be expected.
We have restricted the mineral lands to such portions of the trap ranges
as were sufficiently elevated for mining purposes, where the rock was
exposed. on the surface, and, from its external characters and proximity to
veins of known value afforded evidence of productive lodes.
Although the Porcupine mountains afford good exposures of the rock,
and contain abundant traces of copper, ueither the character of the veins
nor of the containing rocks affords a reasonable prospect for smccessful
mining. For this reason, we have included no portion of it in the list
of mineral lands. The same remarks will apply to the trap range in the
vicinity of the Montreal river.
In designating the mineral lands on Isle Royale, we have encountered
much difficulty. The metalliferous bands, as we have seen from the detailed geology, are extremely narrow, partieularly in the northern pnrtion;
but the physical obstructious were such as to prevent a sucr.essful explo·
ration inland.
We have accordingly designated such tracts as were suf·
ficiently elevated above the lake for mining purposes, and gave evidence
of being metalliferous, without reference to the thickness of the . belts.
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List of the mineral lands qf Keweenaw Point, Lake Superior land
district.
Section.
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6
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! . . ................ ................ ..............
N !. . .. . .. . ....... .. . . .. . . .. . .... .... ... . . .. .. . . . . .
N

32
6
7
8

NW.
E. ~ and S W. ~ . ...... , - ..... , . . . . • . • . . • .•..• , • . . . . .
All.................................. ..• ..•. •..• ... .

9
10

AIL ................................... .. .......... .-

11
12

1······················· .. .... ................

\I I. ...... . . , •••••••••• , . • , •• , , •• , , , , • , , •• , , • , , , , , , • •

AIL.................................................

A.ll .•••••••••••••••••••••••••••••••••••• .' . • • • • • • • • • • .

Township
north.

Range
west.

58

27
27
27
27
27
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
2S
28
28

t8

58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58

58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58 58
58
58
58
58
58
58
58
58

29

29
29

29

29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
2!l
29
29
29

29

29
29
29
29
30
30
30
30

58
58

30

58

30

58

30
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List of the mineral lands of Keweenaw Point-Continued.
Part.

Section.

All .•••••••••••••••••••••••••••••••••••••••••••••••••

18

All .•••••••••••••• ; ••••••••••••••• •••••• •• •• •• • • •• • • •

25

26
27

28
29
31
32
33
34

35
36
4

5
6
11

12
13
14
15
19
20
21
22
23

All .•••• : ...................................... •••••••·

~:

::::::::::::::::::::::::::·:::::::::::::::::::::::

s. i ............................................... .

SE.

~·

••• ~ ••••••..••••••.•••••••••.•••••.•••••••••..

All .••••••••••••••••••••••••••• ••••••••••••••••••••••
All .•••••••••••••••••••••••• •••••••••••••••••••••••••
All .•••••••••••••••••••••••••••••••••••••••••••••••••
All ............................................ .' ••••

N. !·
~················································
N.
...... ••. • •• • ••• .. • •• • ••. • .................... .

NW.
N.

~

........................................... ..
~ ..........•.................... • • • ... ·

and S W.

~

All ................................................. .

SE. ~ .••••••••••••••.•••••••••.•••,••••••.•••••••••••

s. ~ ....................... ········ ................ .

All ................................................. .
All .••••••••••••••••••••••••• , •••••••••••••••••••••••

s. t .••..........•..•.•... ···•···· ..•...•......•....

S. ~ ·a nd NE.

t .......... •• ••; •• · •• · · · · • · ••• ••· · · •• ••·

All .•••••••••••••••••••••••••••••• ··.~·· • ~ • • •• • • •• • • •
All .•••••••••••••••••••••••••••••••••••••••••••••••••
All .••••••••••••••••••••••••••• ; ••••• . •••••••••••••••

All .•••••••••••••••••••••••••••••••••••••••••••••••••

31>

S.t
......
··········································
N. ~and
SW.
!· ................................... ..
E. ~and SW. !· .............................. . .... .
s. ~ ................................................. .
s. ~ .. ············ ................................. .
NE. i ........................... . ........r•••••••••••

4

10
11
25

35
36
1

NW.~

..•.•••••••••••••••••••••.•••••..•••••••••••..

W. l and NE.

~·

••••••••• , •••••••••••••••••• , •••••••.

All ............ , ••••••••••••••• • ••••••••••••.••••••••

NW.

~

.••••••••.•••••••••••••••••••••.••••••••••••.

N. ~ ..• , ............................................ .
N. ~ ....... ••. • .... ·~ ..... • ........ • • ... • ..... • ..... .
NW.~ .••.•..•••••••••••••.•.•••••••••••..•.•.••••.
S.
S.

~

~

and NE.
and NE.

~

••..•.••..•..••.•.... , ....... ~ •.......

! ...................... · · . • •· · · •••• • • • • ·

All ................................................. .

N.

~.

• • •••••••• ••·• • ............ • •• • • •• •••••••••••••••

2
3
10

All .•••• ; •••••••••••••••••••••••••••••••••••• •••·••••

11

w.

15
16
21

S.

~

and NE.

~

••••••.••.•••••• • ••••••• • •• • • • • • • • • • • •

All ........................................ ••••••••••

!-···························· . ·················

~·. t:::::::::::::: :·::::::::::::::::::::::::::::::::

All ..................••••...•.........•••..•.•....•..

22
26

~~ ~:::::::::::::::::::::::::::::::::::::::::::::::

27

All. .•••••••••••••••••••••••••••••••••• ••••••••••••••
N. i and SW.1··••••• . ............... ···· · ······••• ·

28

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

N.
t .. ·····························~················
NW.1
.••••••••••••••.•••••••••••••••••••••••••••..

All .••••.••••••••••••••••••••••••••••••••••••••••••••

8
9

58

All .......•.•...••••••••..•.••..••• , •. ; ••.......••...
All .•••••••••••••••••••••••••••••••••••••••••••••••••

24
28
29
30
31
1
2
3

Range
west.

N.- ~. •. •• • • •• •. •• • • • • •• •. • ••• • • • •• • •• •• •••••••• • •••.
N.j ...................•. •• ...... ········· ..... ••••.

13
14
15
16
17
19
20

Township
north.

58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
57
57
57
58
58
58
68
58
58
58
58
58
58
58
58
58
58
58
58
57
57
57
57
57
57
57
57
58
58
58
57
57
57
57
57
57
57
57
57
57
57
57

'

so

30
30
30
30
30
30
31
31
31
31
31
31

:n

31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
32
32
32
32
32
32
32
32
32
32
32
32
32
32

32
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List of the mineral lands of Keeweenaw Point-Continued.
Section.

Part.

Town ship
north.

Range
west.

29

E.! ................................................ .
E. k and SW.1 •.••.•.•.••..•.••. · ·• • • • • •· · · ·• • • • • •· ·

57
57
57

32

31

32
33

34
35
36
4
5

w. i·················································
E. k and S\V. ~ .•.•...•..............••••••........••

57

W. ~ and NE. l·· ................................... .
S. ~and NE. l·· ................ , ................... .

18

E.~·

...•..•.....•••.•••.........•.•.•..•. •···•· .... .

57
57
57
56
56
56
56
56
56
56

6
7
8

17

~~ 4.~::: :::::::::::::::::::::::: ::·:: :::::::::::::::
s. i,and NW. t ............................. •· ..... ..
E. 2· ••••••••••••••••••••••••••••••••••••••••• ~ ••••.
N. ! and SE. l· ........... · ... · · · · · · · · · · · · · · · · · · · · · · ·
N.

k and SW. l·· ................. •· •· · · · · · •· · · · · • · · •

w. ~ ............................................... .

19

All .....•. . •.••.• : ...••••.••.••••••••.•. .•.••.•••.•••.

W.! ............................................... .

5fi

20
30

w. ~ ............................................... .

2
3

~-.~\· ~: :: :::: :::::::::::: :::::::: ::::::::::::::: ::: :

56
56
56
. 56
56

10
11

25

35
36
1
2

3
10
11

15
16

20
29
30
23
24
25
26
27

35
36

3~

32
32
32
33
33
32
32
32
32
32
32

32
32
32

56

32

SE.
SE . t ............................................... ·
All ................................................. .

56

NW.l·· ·· ················· ....................... .

55
55

33
33
33
33
33
33
33
33
33

55

33 '

SW. and NE f· ......... · ·· • · ·· •• •· · ·· · · · ·· · · ·• •••• ·

N.! ............•••.... . .................... ··· ··. ;.

l······· .. ····························· ........ .

S. ! and NE. l· ....•. · · · · · · · · · • · · · · · · · · · · · · · · • .. • • • • ·
SE. t ... .. ...........................•...............
S.

~

and NE.

t ........................ .............. .

NW.l···············································
NW.
i·· ........................................... .
AIL ....•••.•.•••••••••••••••••••••••••••••••••••••••

S. ~ and NE. l· ..................................... .
NW.f ..•••.•......•••......•.......•........•••• . •..

~E.~~:::::::: ::::: ::::::::::::::::: ~:: :::::::: ::::::
N. ~and SW.

56

56

33
33
33
. 33

55
55
55
55
55

33

55
55

. 33
33

55

34

55

34

l· ........... •· · •· · · · ••• · · · · • •· · · · · · · ·
N . ~and SW . .i·· ... . .... · · · · · · · · • • · .. • · •· · · · · · · · · · · ·

55

34

55

34

s. ~·· .............................................. .

55
55
. 55

34
34
34

All ................ . ....... ~ •.••.••••••••.••••••.••••
SE. } ... . .•.•.•••...•••.••....•••.•.•••••••.•..••...
.SE .. t ....................... . ...................... .

List ofithe mineral lands in the region betwee~ Port'ag~ lake and the Montreal river.
Section.

P,art.
c.

-------1·----·------------------, ----- ---·--' --25

35
36
1
2

10
1L

15

Township
north.

52

NW.l·· ··· .. ····· ................................ .

52
5l

E . ~ and SvV. l .................. , ... · · .·... · · · · · · · · ·
All. . . .••.•.•....••.•••.••.••.••.•.••..•••...••..•••.

N. ~ and SW.

l ...... . ............. • •. · · •· • • .. • • • • •• ·

~.~~~~-~ ~.~·. ~::: :::::::::::::::::::::::::::::::::::

N. ~andS\V.l······································

R ange
west.

--------1-------

l ······· ....................................... .

SE.

I

52

51
51
51

51

37
37
37
31

37

37
37
37
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List mineral lands between Portag e lake and Montreal river-Continued.
Part.

Township
north.

16

s. ! ............................................... .

2i

All: .....••..• • ••...•••••••••.••.• ·•••••.•...•••••••..
N"\V.

51
51
51
51
51
51

Section . .

.
22
29

30
31

32
25

26
34
35
36
6
7
1

10
11
12

13
14

15
16
21
22

29
30
3L

32
25

33
34
35
36
4

---

i········ · ····· ............... .'............... .

~········ · ······ · ······························.
ssw~ ...............................................

N ~ .•••.•.•. .' .••.•••••• . .....••....•••.....•.......
NW.
W .. ·! and SE. i· ................ · · · · · · · · · · ·· ·· · · · · · ·

i·············· ······•·· ·······················

and SW. ~- · ··· .••....••••.•. .• •...•..••••. ··~· ••. .
All. ..•••...• . ...••••.. • •..•• : .......... . .............
N. i and SW. ~·· ...•... , ...•..••• , ......•...•••.....
N. ~ and ·S\V. i·· .................. ······· ···· · · ·· ·· ·
N\V.-t ..•.•...•..••.••..••..•••...••..•..••.•.••••..
SE. i- ... •...............•....................•••••.

s. ~ - ..•............•.......•...............•........

s. ~-· .............................................. .
N. ~and SW. ~ ..................................... .
NW.
N. ~and SW. ~- .................................... .
All ...•••••••••.• ·••••.••••••••••.•••••••••..••••••••
E.~· ........... . ..

i····················•················· ········
..........

I

•••••••

,

50
50
50

k················································
~- !::::::::·~ :::::::::: ~ :::: :::::::::::::·. ·.: :::::: :~ :

50
50
50
50
50
50
50
49
49
49
49
49
49
49
49
49
49

i······ .·· ······································

I

I

II

I

I

I

11

,1.

11111111911

II

111111

II

11111111111

N. ~ .••...••.•.•....••.•... • .••••.••.•••.•.•..•••••.

tl.l.i: :::::: ::::::.:::: :::: :::: :::: ·::::: ~:: :::: :::: ::: '

5

All.-..•...••.••.•...•••••.•••••.••••..•.••..• ~ •••••. .

6
7
1
2

~.'/. ~.n.~ ~.V:. ·. ~ :::::::::::::::::::::::::.:::.::·. :::::

All ....•.••••.•..•••...••....•..•..••.....••••..•••..

N.i········ ......... ··················· ······ ······

3
10

SE. t .....................................•.........

'11

~: t::::::::::::::::::::::::.:: :·::::::: ~::::::::::::I

12

ii7

37
37
38
38
38
38
38

38
38
39
3H
39
39
39
39
39
39
39
39
39
39
39
39
40
40
40
40
40
40
40
40
40

50

N.
NW.t ............................................. .

1111

37

.

50

••••••••••••

NE. i ................................. . ............ .
NW.
All ............................ ; •..•.•.••..•.•..•••..
All .............................. . . . ................ .

~'""

37

51
51
51
51
51
50
50
50
50
50
50
50
50
50

E.~

Ill

37
37

51

N. ~········••••••••••••••••••••••••••••••••r••••••·

s.

Range
we<~t .

NE. i··· ........................................... .

41
4L

41
41
4l

41

List of tlte mineral lands of Isle Royale, Lake. Superior land district.
.

I

Part.

Section.

.

Township
110rth.

I

Range
west.

'

3

4
21

22
23

24
26
2i
28
31

N. ~- ..•..........•••••••..•....••...•.. ·••••.•••••..
E. ~ .................... . ..... o ••••••••••••••••••••••
SE. i·, ............... .- .......•..•..................

sw.
i··············································
s. ~ .......................
' .... ' .................. .
i ................................... :.
N. ~························ .••. ••••••••••• · •••••••·
All ................................................. .

N. ~andSW.

All ................................................. .
All . ............................... , ••••••••••••••••

67
67
67
67
67
67
67
67
67
67

32
32
33
33
33
33
33

33
33
33
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List
Section.

Part.

Township
north.

Range
west.

32
33
34
35
3

All ........................................ , ....••.•
All .•••..••••••••.•••••••••••••••.••••••••••••••••••.
All ••••...••••••••••••••••.••••••••••.•••.••••••••••.
N. ! ............................................. .

67
67
67
67
66

33
3:1
33
33

4
5
6
7

8
18
33
34
35
36

NW.t ..•...•.•••.•••••.•.•••..••.•••••.....•..••..

N. ~and SW. ~-, ................ , ................. ..
All ..••••••••.•••••••••••• : ••••••••.••••••••••••.•••.
All ................................................. .
All................................................. .
N. ~ ....•••••••• ·.•...••.•••.••. , ••.••.•••...••.••.. .
NW . .;f ..................................... : •••••••

sw. ~ ............................................. .

33

66
66
66
66

33
33
33

6Fi

3

s. ~ ............................................... .

4

NW.t .........•.....•.•........•••.••.•...••...... .
NE. and SW. quarters., ••••••. ,., •.••••.•...••.••. . ..
All ........................................... .. ..... .
All .............. , ••••••••••..••••.•••••••...•••.•••..
AIL .•••••••••••••••••,........ •••• •••••••••.••••••••••.

66
66

5
8
9

10
11

12
13
14

15

16
17
18
20
21

22

23
2t
26
27

28

29
30
31
33

34
35

E.~ and SW.t .••.••••...•..•.....•. ·········•··· ···

sw. ~ ............................................ .

SE. t .............•...... ~ ......................... .
All ................................................. .
All ................................................. .

SE. ~· ···· "··········································
N. ~and SW. t- .••• .......... · · .. ••.. •••.. · · · ·" •"
All ............... , ••••••.•.•••••••••••••.•••.•••.•..
NW. and SE. quarters .•.•. , ••.•••.•• , •. , ••.. , •.••• c ••
S. ~ at~d NE. ~ ••.•.•..••.•••••••••..•••.....••••.•..

~it.~:::::::::::::::::: ·::::::::::::· ::::::::::::::::::

All. ..•••••••••••••••••••••••••••••••••••••••.••••••.
SE .;f •••••••••••••••••••••••••••••••••••••••• .- •• ,••••
All ................................................. .
All ...•••••••••••••••••••••••••••••••••••••••••••••.•
W. ! and NE. t ............ · • • · · • · • · • · · · • • • • •· · · · · · · ·

NW.

t············································· ·

All ........................ -•••.•.••••••••••..••.••••.

s.! ............................................... .
All ..••••...•.•••••••••••••••.•••••••..••••••••••.•..

N. ~ and SE. ~ .•..•...••...•••••.•.•..••.•••••••.•..
S ~and NE. t ... ..... •• .... ••••• · · · · · · · · · · · •· · ••· · ·
NE. and SW. quarters .. • •••.•.••••..•.••• • · • · ...•••••
E.~·····

N.

i

.................... ...................... .

and SE.

~

•••••••.•••••.....•••.•. , •••.•.••.....

AlL ..•.•..•..•.••••••.•••••••.•••••.•.••.•••.••••••.·,

{16

66

66
66
66
66
66

66
66
66
66
66
66
66
66
66
66
66
G'6
66
66

66
. 66
65

2

W. ~and NE. ~ .••.••• , •••• ,;·, ... , ..••••.. , ..• , , ••• ,

3

AIL .•••••••••••••••••••••••••••••.•...•••••••••••••

fi5

7

SE.l················•·········· •••••••••.•.•••••••••

65
65
65
65
65
65

8
9

10
16
17
18

19
20
13
22

23

24
25
26

NW.t .••••....•••.••..•...•...•...•.....•..........

All ...... . .. . ...... ,, .••.••••••••. , ••• ,., •• ~ .••••••••
N. ~ and SW. t· ... , ... , .......................... , ..

NW.

t ................ : ........................... .

All ................................................. .
All ................................................. .
N. ! and SW. ~·., ..•.............. , ... ,, ..... , ..... .

NW.

t-··················· ·························

S . . ~ and NE. t ....•....... , .......•• •· • · •· · · · · · · • · · · ·

. s. k ••• ••••••••••••••••••••••••••••••••••••••••••••

All ....................... .. .................... :.··~· '
N. ~and SW. 1· ........................ · ... • • ...... .
NW. and SE. quarters .••. ,.,, ...• ,,,.,, •. ,.,.,,,,, .. ,
N\V. t ............•......••........................

3:}

66

67
67
67
67
66
66
66
66
66

I
2

;

of the mineral lands of Isle Royale-Continned.

fi5

65

65
66
66
66
66
66
66

33

33
34
3t

34
3t

34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
3t

34
::14

34
34
34
35

35
35

35
35
35
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?f Isle Royale-Co.ntinued..

Section.

Part.

Township
north.

Range
west.

27
28
29
32

All..................................................
All......................... . ........................
SE.,t .... . ................. . ..... ~ ········ · ···········
E.~ and SW.

66
66
66
66
66
66
66
66
65
65
65
65
ti5
65
65
65

35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
36
36
36
36
36
36
36
36
36
36
36
26
36
36
36
36
36

93

34
35
36
1
2

a

4
5
ti
7
8
9

10
!2
13
14
15
i6
17
18
21
22
24

t......... .. . .. . . . ... . .. . . ... . .. . . .. . . .

N.! .... .... ................................. .'....
E.~

SE.

E.~

and SW. ~·...... •• •• .• • • .. • • .. • • •• • • • • • • •••• •• .

t............. .. . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .
and s·w. ~-.................. .. . . . .. . .• •• •.. . . ..

All..... ,........... . .................................

All..................................................
All ................. .. ...................... ·~··......
E.~ and SW ..~.. .......... •• . • .. .. .. • • .• • •• .. • .... • • •
N. !. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . ... . . . . .. .. . . . . . . . .
E.~ and SW.
S. i and NW.

t........ .. .. . . . . .. .. . . . .. ..............
l...... ....... .. . . .. . . .. . . . . . . .. . . .. . . .

All.. ..................................................

All............ . ... ...•................ .......•....
S. band NW. t ............. , . . . .. . . . . . . .. . .• ........

t-.....................................

S. k and NW.
N. ~ and SE. t . . . .. . . . . • • • • . . . . . . . . . . . . . . . . . . . .. • • • • .
N. ~-............................. .• . • . • • ... • . . • . . . . .
NW.1. ...•..••••••.•••••••.. .•.....••••.••.••••...

All..................................................

NE. and SW. quarters. • . • • • . • • • . . • • . . • • . . . • • . . . . • • . . .

All.................................................

26

NE. ~. .••.. .•. ••.• .•••••• .• ...•...• .••••..•. .......
NW. t ..................... ........................
SE.
N. ~............. •• • . . . • • • • . . . • • • • • • . . . • • . . • . • • • . • . .
S. ~ and NE. 4 . • . • • . •• . • • • • • . • • • • • . . . • • • • . • • • .. • • • • •

28
29

S.

~and

s.
s.

~-

25

27
3l

32
33
1
9

10

11
l:l

13
14
15
16
17
19
20
2L

22
23

24
27
~8

29
:30
3L

34
35
36
2

3

t.............. .. . . . . . . . . . . .. .. .. . . . . . . . . . . . . . .

All...................................................
s. ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . .
NE.

~......

........ •• . .• •• • •• . • • •. • . • • . . • . . . .

All..................................................
All..................................................
N.
SW. t........ .. . . . . . . . . . . . . . . . . . . . . . . . . . . .
~and

~.

....................... ·····.. ... .. . . . .. . ... . . .
... . . . . . . . . . . . . . . .. . . . . . .. . . . . . . . . . . . . . . . . . . . .

All.................. ...............................
All..................................................
N. ! and SE.

!·............................... .. .. . . .

65
65
65
65
65
65
65

65
65
65
65
65

65
65

6'5
65

65
65
65
65
65
65
65

65

All.................................................

NW. and SE.quarters. •••••••.••••••.••••• ..•.•••• ••.
NE. ~...... •.. . • .. • • . . • • • •• • • •. • ••. . . . • . . • . . . ... • • • •
N. ~and SW. ~·........... •. • • . • . • .. • • •• . . . • . . • • • . . .
SE. ~-............................................ ..

65
65
65
65
65
65

All......... . ........................................

65

All..................................................
S. k and NE. t . . . . . • • . . . . . . . . . . . . . . . . . • • • . . . . . . . . . . .
All............................. .....................

N. ~ ................... •• • • • • •• • • • . . . • • • • • . • . •• • • • . .
NW. ~-························ ........•..••....•••.
SE. t....... .. . . . . .. . .. .. . . . . . . . .. . . . . .. . . . . . . . . . . . .
NW.
NE. and SW.quarters.. ••• . • • • . . •• • . •. . . • . . . . • • ••• • • .
SE. ~-.. .. . . ...••..••• •. • .•• . . •. • • • • • . •• . • •• . • •. • • •.
N. ~and SW.

t..............................................

NW.

t··................ .. . . . . . . . . . . ........
t.................. ..... ........... ... .... ... . ..

65

65

65

65
65
65
65
65
65

65

s. k • • • •• • ••• • ••• • ••• • ••• • • •• • • •• • • .. • • • • .. • • • • •• • • •

65
65

NW. t... ...... .......... .............. ..... .. .... ..
N.! and SW. ~ - .... , ,, , , ................... , • • .......

64
64

All..................................................
7

63

•

36

36
36
36
36
36
36
36
36

Doc. No. 6g.

98
List

of tlw mineral lands of Isle Royale-Uontinued.Part.

Section.

------7

S. ~ and NE. !· ..................................... NW. j .•••... ~ . .- ........ ; ••.................•.......
N. ! -..............•.......•...........•............
SE. t ............... .- ......•........ .. ................
NE. and S W. quarters ...••••...•...•...•.•....•.......
N. ~ .•••.........••••. ,.......•••••.•...........•....
S. ! and NW. !···· .................................. .
NE. and SW. quarters ............................... .

8
9
18

23
24
25

26
27

28
31

32
33
34
36
1

.

~~: t::: ~:::::: :-:::::::::::::::::::::::::::::::::::

NE. and SW. qY.artel's ..•........•..•...••••..........
S . ~and N,V. !· ............... · · · · · · · •· · • • · · · ·· • • ·· ·
N.! and SW. ~ - ··· ••••..•....••. , . : • .••••...•.•..•...

i·· ............................................ .

SE.

SvV.l········ ........................... ·.......... .

4
5
6

s.! ............................................... .

8

SE.

9

N.

~

••...•••..••••....••••••.•.••.•.••....••••..... .

NW.l············ ................................. .

!············· ··········!····· .. .. .............. .

S. ~ and NE.

l· ............... · · · · · · · · · · · · · · · · · · · · · · ·
~········
········••··•······•·•·•··•·······•••·••
~and SW. !·· ..... ,, .......... , ...... , .......... .

10
17
18
19

N.
N.
S. ~ and NE.
N. i and SE.

20
1
2

All ..•••••••••••.•••••••••••••••.••.•..• . ••••••••••.•

10
11
14

15
16
17
19
20
21
23

24
25
26
27
28
30

31
32
34
35
6

24
25
26
35

36
1
2

9

10
11

Range
west.

----------------------------~-------------1--------

~E~ ~::::: .:::::: :::::::::::::::::::::::::::::::::::

4

Township
north.

~·

...•..••...•.•......••.•.• ·.... ...•••••.

i- •..•.......•....•.•.................•.

w. ~ ....... -. ....................................... .

SE. i·· .............. : ...............••..............

S. ~ - and NE. ~· ..•..•.•••...•...•••••••..•.•••• .- .....
N. ~- ..•..•.••..•..•.••••.••••.••..•••••.•....•••••.
. NW. i··· ....................................•......
NE. and SW. quarters ...••••......•... .•.••...•.•••.••
N. ~ and SE. ~· ....•....•...••• , • , , ••.••..••....•.•..

~: i·~~d'N'li:·~··::.:~:::: ::::::::::::::::::::::::::::: ~:

All ................................................. .
NvV. and SE quarters ... .- ..• , ••................•••.••
SE. and NW. · quarters ......••••....•.•.•••••••••••• .. .

s.

.............................................. .

~-·
~and
~ and

NE. ~ ....... ,_,, .............. , ........ , .. , ..
S.
NE. ! ..·................................... .
N. !· ................ ~, ............................ .
S.! and NE. ~·· ...•...••••.....•......••••..........
S. ~and NW. ~·· .. , .................................. .

S.

SE. ~ ...•.......••.........•.....•..•...••••••...•. .
N.! and SW. ~- .................................... .
NE.

t··············································

~;: t·:::::::.::::::: :::::::::::::.: ·:::.:::::::::: ~
l······························ ············l·····
S. ~ and NE. ~· ...•..••••••••••..•.....••••..•.•••....

SE.
SE.

t······ ......................................... .

E. ~-············ •.•..................•..............

All .•••••••••••.•••..••••••..•.•.•••••••••••••••••.••
N. ~·· •••••.••.••......••••••..•...•..•••.••.••••••..
N. !· .............................................. .

sw. -····· ........................................ .
All ..•.•••••••.••...••••••••••••••••••••••••••••••..

sw. ······················· ························

64
64
64

3&
36
36
36

64

64
65

36-

37
37
37
37
37
37
37
37

65

65
65
65
65
65
65
65
65
65

37

37
37
37
37
37
37

64

6!
64
64
61

31
37

61

37

64
64

37

6i

37

64:

31

64
64
61
64
64

37
38
38
38

38
38

64

64
64
64
64
64
64

38

38

38
38·
38
38
,38
38

64

64
64
64
64
64
64
64

64

64
64
63
64

64

38
38

38
38
38
'

38
38
38
38
38
39
39

64

39

64
64

39

63

63
63
63
63

39
39
39

39
39
39
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CHAPTER IV.
STRATIFJED AND

SEDIME~TARY

ROCKS.

Classificat 'on of the sedimentary rocks.- Co gl:,merate.-External characters.-lmbedded fragmen ts of a jas;Jery 't'or:k.--Run~e and extent.I~eweenaw Point- Veins.-Attempts at 't nining.-Porcupine mountains.-Montreal river.-Sedion af tlte ratJks.-Ll1ining in Conglomerate.--Divisivnal planes.-Srlndstone.--Range anrl e:t{ent.--Compact m· lower magnesian limt:s 'oue.-Range and e.xtent.-Organic
remains.-Resurne.
11

Having attempted, \Vith some degree of minuteness, ir_ the preceding
chapter, to set forth tbe boundaries, rauge, extent, and per>uliarities of
the igneous rocks of the copper rE!tgion, it now remains to describe the assuciated sediinentary rocks, which may ~e regarded as nearly contemporaneous.
These may be comprised nnder three divisions, to which Rre appended
the equivalents in the New York cla.ssification:
,

I. Conf?lornerate.-Not strictly a sedimentary rock, but a volcanic tuff.
II. Inferior saudstone.-Potsdam sandstone,
III. Compact or lower magnesian lirnestone.-Calciferous sandstone,
Chazy limestone, Bird's-eye and Black river liruestone.
I. Conglomerate-external characters.- The conglomerate of Keweenaw Point and Isle Royale consi~ts of rounded pebbles of· trap, almost
invariably of the variety known as amygdaloid, derived probably from the
contemporaneous lavas, and rom'lded fragments of a jaspery rock whic.h
may have been a metamorphosed sand:;;tone, the whole cemented by a
dark-red iron sand. rrhis cement may be regarded as a mixture of volcanic ash and arenaceous particles, the latter having been derived from
the sandstone then in the progress of ac.cumulation. It is not unusual
to meet with strata composed entirely of arenac.eous particles associated
with the conglomerate beds; and where these f'Xpand to a considerable
. thickness, the associated sandstone · appears in alternating bands of
white and red, and GXhibits few traces of metarnorphi~m; but where the
belts of sedimentary rock are thin, and come in contact with the trappean
rocks, the sandstone is converted into a jaspery rock, traversed by divisional planes, and breaking with a conchoidal fracture.
The trappean pebbles often attain a maguitude of eighteen inches in
diameter. 'Their surfaces do not present tFmt smooth;polished appearance
which results from the attrition of water; in fact, a close observer can
readily distinguish bet\\'een those which have been recently detatched
- from the rock and those which have been for a time exposed to the recent
action of the surf.
'J.lhe conglomerate appears to have been formed too rapidly to· suppose
that the masses were detached and roundeq by the action of waves .and
currents, and deposited with silt and sand on the floor of the ancient
ocean,; for, while the contemporaneous sandstone remote from the line of
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volcanic foci does not exceed three hundred or four hundred feet in thidr.
ness, the united thickness of the conglomerate bands in the vicinity of
the trappean range on Keweenaw Point exceeds five thousand feet As
we recede for a few miles from the line of the volcanic fissure, these
amygdaloid pebbles disappear, and are replaced by arenaceous and argillaceous particles. We are, therefore, disposed to adopt the theory, as to the
origin of such masses, first suggested by Von Buch:* "When basaltic
islands and trachytic rocks rise on fissures, friction of the elevated roclt
against the walls of the fissures causes the elevated rock to be encloseu
by conglomerates composed of its own matter. The granules composing the sandstones of maify formations have been separated rather by
friction against the erupted volcanic rock than destroyed by the erosive
force of a neighboring sea. The existence of these friction conglomerates,
which are met with in enormous masses in both hemispheres, testifies
the intensity of the force with which the erupted rocks have been propelled from the interior through the earth's crust. The detritus has suddenly been taken up by the w;1ters, which have then deposited it in the
strata which it still covers.''
Those pebbles having a highly vesicular structure may have been
ejected through the fissures, in the form of scorice, while in a plastic
state, and have received their ronnded shape from having been projected
through water-on the same principle as melted lead, when dropped from
an elevation, assumes a globular form.t
In the jaspery fragments included in the conglomerate, we often observe
, a structure analogous to the woody fibre of tr~es. These fragme11ts (plate,
fig. 2) are composed of 1amince, more or less contorted, and furrowed longitudinally, like the markings in the extii1ct plants of the genus sigilLaria. A
series of strice, as fine as the engraver's lines, run parallel with the larger
ones. These can be traced on · some of the specimens, and generally
extend through the different folds; while others possess a structure like
the cellular tissue ef wood. We have no confidence in the vegetable
origin of these markings; nor have w,e any theory to offer in explanation.
While there are no beds of calcareous rocks associated with this group,
we have evidence that the waters during this epoch were abundantly
charged with lime; for ~e find this substance, in the form of calc-spar, filling the vesicles of the amygdaloid and the fissures and pores in the conglomerate. It did not result from deposit[on, but appears to have been
forced into the interstices while in a heated co11dition, and perhaps in a
state of gaseous sublimation.
We know that modern volcanoes evolve vast quantities of gases which
are capable of dissolving various earthy substances; and is it not reasonable to suppose that the same phen,omena were exhibited in the early
history of our planet, and on a grander scale, when the communications
with the interior were more numerous and extended, and when the recurrence of eart~quake shocks and volcanic eruptions was more frequent
=~~Geognost. Briefe, s. 75-82.
tThe extinct volcanoes of Auvergne afford numerous specimens cf, volcanic IJomb•, which appear to have been ejected in a soft 5tate, and, on cooling in the air, assumed the form of drops o:.r
elongated spheroids.
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'Ne ought, therefore, apriori, to expect to find the products of these gaseous
emanations in the vicinity of the volcanic foci.
Range and extent-mineral contents.-In describing the trappean
rocks, we necessarily spoke of the associated bands of conglomerate, and
the influence they exerted on tl1e productiveness of veins. ·we deem it
unnecessary to enumerate all of the bands, inasmuch as they are indicated
on the accompanying maps.
They are lentiform masses, variable in number and· thickness. On
Keweenaw Point they are numerous, and possess much regularity, ranging with the trap, and dipping to the N. and N 'W . at angles varying from
20° to 50°. In the Ontonagon district they are less numerous, but near
the Montreal river they expand to an enormous thickness.
On Isle Royale they uccur under similar conditions with those observed
on Keweenaw Point, with this exception, that th.e dip is reversed-varying from 20(1 to 40'-' to the SE. and SSE.
Manitou island is composed of conglomerate, except a few jutting points
on the southern coast, which belong to the northern band of trap. Crossing the channel, which is about three miles in width, we meet with this
belt on the northeastern extremity of Keweenaw Point, and thence it is
protracted west for al:i>out sixteen miles, when it becomes lost in the lake.
For a greater portion of this distance it serves as a sea-wall; but in a few
places the water has broken through and excavated long and narrow
harbors in the more yielding trap. The appended sketch of Horseshoe Harbor will sP-rve to convey an idea of the appearance of this rock.
It occurs in long lines, with rounded contour.:;_, and is traversed by heavy
fissures, filled with calc spar.
A short distance west of Horse-shoe Harbor a spar vein intersects the
shore, which in places is nine feet in width, and bears N. 5° E. It affords
an excellent mat~rial for lime, and has been calcined .for that purpose. On
this a shaft was sunk r.ear the junction of the trap and conglomerate_, but
no indieations of copper were disclosed.
On Hays's Point another spar vein, four feet in thickness, and bearing
N. go E., is seen. 'rhe matrix is more or less colored with green and
blue silicate of copper, forming the "green rock" of the old voyageurs.
Several shafts were sunk upon it in the early days of copper-mining, but
the ore was too meagre to be profitable. This vein undoubtedly extends
through the intervening trap, and is developed in the second belt of conglomerate near Fort Wilkins, forming what is ln1own as the Black Oxide
Vem.
The junction between the trap and conglomerate is well displayed in
the vicinity of Copper Harbor. 'rhe rocks bear nearly due west, with a
northerly dip of 35°. The trap on the upper surface resembles pumice,
the vesicles frequently- empty, but ofrener filled with calc-spar, agates,
.chlorite, &c. Other portions are wrinkled, as though arrested while fl.owiug. rrhe lower portion of the conglomerate does uot exhibit a clear and
well-defined line of demarcation, but encloses angular masses of amygdaloid, as though the materials had been thrown down while the trap was
in a viscid state. This appearance was particularly noticed a few hundred yards above Porter's island, where the pebbles, for the distance of
twenty feet perpendicular, are enclosed in a scoriaceous mass.
Between Copper Harbor and Agate Harbor numerous veins, cutting
the formation at nearly right angles, are observed. 'I'he matrix for the

102

Doc. No. 6g.

most part consists of calc-spar, but occasionally sulphate of baryta is
present. Many of them have_been explored, and from one, on the southwest quarter of section 28, township 59, range 29, a mass of native copper weighing about 6110 lbs. was taken.
At Agate Harbor the -l\ew York and Lake Superior Company sank twa
shafts to the respective depths of 70 and 90 feet, and nearly completed
the communication between tlv-'m by a ~allery. 'J1he matrix of the vein
consisted of calc· spar and sulphate of -baryta, with black sulphuret of
copper, but not in suftlcient ab; tadance to authorize further operations.
This belt forms the outer reef at Agate Harbor, and does not again
approach the shore.
Another belt of conglomerate starts from the extremity of Keweenaw
Point, opp0~ite Manitou island, and conforms in direction to the one last
described, from which it is separated by a sbeet of igneous roek about
1,800 feet in thickness. Thi!'l is lruown as the main conglomerate :range.
In places it rises to the height of 650 feet, and expands to a thickness of
4,000 feet. The culminating points in the range are. back of Horse-shoe
Harbor and Grand Marais. It intersects the coast at Sand bay, and prescribes it_,s form as far as the Lake-shore location, section 33,, township 58,
range 32, when it bends inland and is prolonged towards Portage lake
in a narrow band, which is obscurely traced. It does not differ in litho·
logical character from the belt previously described.
'
The appended sketch, taken from F01~t ·wilkins, looking eastward, wiU
convey a correet idea of the contour of the hills. The gentle slope
towards the lake corresponds very 'nearly with the line of inclination,.
while the precipitous escarpments on the south may have resulted from
powerful fissures, whieh destroyed the continuity of the strata.
This belt, like the former one, cQntains numerous traces of copper.
In preparing the ground where Fort Wilkins now stands, the soldiers
came across numerous boulders of blaek ox1de of copper, varying in
weight from an ounce to several hundred pounds. s -u bsequently a vein
was dicovered a few rods east of the fort, from fifteen to twenty inches in
width, bearing N. 7° E., and corresponding very nearly in direction and
position to that before described, as oceurring m the northern belt on
Hays's Point. The gangue consisted of calc-spar, analcime, laumonite,
and occasional crystals of fluor-spar, associated with which were the green
and blue silicates and tbe black oxide of copper. 'This tract had been
located by the Pittsburg and Boston Company, and was the .first loeation
made after the extinguishment of the Indian title in 1843. 'rhey may,
therefore, be regarded as the pioneers in mining enterprise.
A part of their mining force was direeted to the exploration of this
vein. It was found, _near the surface, to consist of the black oxide of
coppcr .of surpassing richness, yi~dding from 60 to 70 per cent.
Two
shafts were sunk about 100 feet apart, and the black oxide found in both~
hut, at the depth of fifteen feet, it beeame exhausted. The fissure and
veinstone continued, which induced the company to pruseeute further
'vorkings, in the hope that the mineral w~mld reappear. Accordingly, the
main shaH was extended to the depth of 120 feet, and levels driven in
either direction:, on the course of the vein, until it became manifest that it
was unwise to proceed further.~ 'I-, he aggregate expenditures at this
*Report of the trustee'i, (1849.)
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place ~nd on Hays's Point were $25,000. The nett proceeds of the copper raised, $2,968 70. This is lil.e only occurrence of these varieties of
copper ore in the district.
At Eagle Harbor a narrow vein of black sulphur~t of copper was explored to some extent.
·
'rhin veins of this ore were also observed on the Hitz location, a few
miles above the mouth of Eagle river, by the lake shore.
In this n.nge of conglomerate, a few rods from the outlet of Manganese
lake, (section 5, township 58, range 28,) occurs a vein of black oxide of
manganese, associated with calc-spar. The vein is about 3 feet wide, 15
~nches of which is occupied by the ore. It is so highly silicious as to
~mpair its value for working. The inclination of the strata at this point
Is 25° to the NW., which corresponds with the course of the· vein.
The following section represents the position of the vein, and the manner
H
Fig. 12.
of association. The shaded portions are manganese; the light, calc spar. The inclination is
so great that it soon passes beneath the surface.
Between Portage lake and the Ontanagon
river, the conglomerate does not expand to
the enormous thickness observed on Keweenaw Point. Limited belts are occasionally seen, but cannot. be traced continuously for any considerable distance. We
observed quite a mass flanking the trap on section 14, township 51, range 38, bearing north
0
7~ ea.st, and dipping north 50°. A belt, which continues for some
miles) Is observeQ. south of the Algon~uin and Oougiass Houghton Company's works, and another occupies the northern flank of the trap in the
vicinity of the Ontonagon river, and can be traced for many miles on either
side. Lenticular beds are also of frequent occurrence in the trappean rocks,
s~me of which attain a thickness of one hundred feet. Examples of this
kmd are seen at the Minnesota works, and to the east and west of the
river.
At the base of the Porcupine mountains, the conglomerate and associated sandstone expand to a great thickness, and, in the character of the
pebbles, afford evidence of having been made up of the ruins of the adjacent igneous rocks. Numerous intercalations of this rock are observed
in the trap, differing in no respects from those described as occurring on
Keweenaw Point.
In following up the Presqu'isle river, the black slaty sandstone is observed to be replaced by conglomerate, expanding to a thickness of several
hundred feet. To this succeeds the bedded trap, followed by other bands
of conglomerate.
In the region of the Montreal river, however, the conglomerate expands
to a great width, attaining a thickness of. m~arly 2,000 feet. The boulders are, in some cases, fully three feet in diameter, consisting mostly of
porphyritic trappean rocks and hornblende, cemented by a calcareous paste.
This conglomerate bed rises, at its highest point 536 feet.
The annexed is a section of the rocks from the mouth of Montreal river
across to the trappean rocks, a distance of about three miles. There are
.several alternations here of amygdaloidal trap and sandstoneA 'rhe latter
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is generally shaly, and soon crumbles by the influence of atmospheric agencies. These alt~rnations are finely exp~sed in the bed of the river, which
has cut a deep gorge for some distance nearly parallel with the course of
the beds. The falls of this river, which have been be fore noticed, are
caused by the unequal wearing of the beds of trap and sandstone, and
are highly picturesque. The width of the intercalated beds of shaly
sandstone varies from fifteen to nearly one hundred feet. They alternate
with beds of trap of nearly equal thickness. The depth of the gorge
variEs from one hundred to one hundred and fifty. feet •.

Fig. 13.
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An attempt at mmmg was made in the conglomerate on section 18,
township 50, range 40) a few miles west of the Ontonagon, by the Mendenhall Mining Company; and we are informed that not less than $10,000
were expended on the nndertakir1g. At the time of our visit, it was
abandoned. Several shafcs, one of which reached to the depth of 100 feet,
had been sunk, and galleries run from one to the other; the whole of which
were filled with water. The bearing of the vein is north 17° west and
may be observed cropping out in the bed of a small stream called Mineral
creek, which crosses the location. The g<mgue is calcareous spar and sulphate of baryta, in which the gray sulphuret of copper occurs in very
variable quantities, intermixed with silica. 'rhe vein varies. in width;
sometimes it is split into numerous threads, and again it disappears altogether. Some of the specimens of solid ore were from four to five inches
in width, and we were informed that but a few barrels of this had been obtained. That lying about the shafts was very meagre, being mostly spar,
mixed with conglomerate, and containing a small percentage of copper.
We were informed that the deepest shaft had been carried down below
where the ore was found in the vein. Here the vein pitched to the west,
with a gradually increased angle, and was underlaid by sandstone. Pro.
ceeding southwardly, it became poorer, and the shaft sunk a few rods
south of the main one, after haviug reached a few feet~ was in barren
rock. 'rhe veinstone was, at this point, composed of a curious mixture
of imperfect ag::t te and calc-spar, in altered sandstone. Efforts were made
to trace the vein into the trap, which is contiguous, but without success.
Both carbonate of lime and sulphate of baryta an~ here found in finely
crystallized specimens. The former occurs in hemitropic crystals of considerable iuterest to the cr~7 stallograplwr. 'rhey are a combination of the
scalene triangular dodecahedron, of a form hitherto fouud at only one
locality in Siberia; also, in six.sided prisms. Some of the varieties of
agate were very beautiful, and it is to be regretted that good suites could not
have been secured for the government collection.
The mining operations here have thrown considerable light on the occurrence of copper in the detrital rocks, and demonstrated that these veins
are not reliable ones.
We have, in another chapter, described the numerous alternations of
trap and conglomerate which occur along the northern slope of the trappean range. Along the southern slope these belts are very rare. Where
the Bohemian range breaks through the iucumbent rocks at Lac la Belle,
a thin band of conglomerate, not exceeding 30 feet in thickness, is observed, which has been traced, at intervals, for two or three miles. Its
inclination is 80" to the south and southeast. Regarding these conglomerates, lying north of the anticlinal axis, as composed, in the main, of
igneous products, and the sandstones, on the south, as purely detrital accumulations, we are Jed to infer that, while the region north tDf the anticlinal axis was subject to a series of volcanic outbreaks, that to the south
remained comparatively tranquiL
Divisional planes.-The conglomerate rocks-and the same remarks are
applicable to the sandstones-are traversed by different systems of divisional planes, which are found to preserve a remarkable degree of uniformity, gi viug to the mass a crystalliform appearance. They pursue
straight lines, without any deviation, and extend to unknown depths; and
so sudden was the shock by which these fissures were formed., that the
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intervenit:Ig pebbles are cut in twain. The main fissures pursue a course
varying but a few degrees from the true magnetic meridian, which is
found to be the case in other countries. The rocks traversed by these
:fissures often exhibit not only a vertical, but horizontal dislocation. 'J1o
convey an idea of their direction and uniformity, we submit the following
observations taken with great care by Mr. Hill:
MAIN FiSSURES,

Commencing .at the western extremity of the point north of Agate H arbor,
and thence running east.
Links.
0 .•..
20 ....
25 .••.
32 ••••
68 .•••
81. .. .
90 .. ..
182 ... .
250 ... .
300 .. ..
310 .. .

420 .. ..
525 ...
720 ..
820 .. ..
850 ... .
975 .. ..
1233 .. ..
1275 .. ..
13!:!0 ... .
1500 .. ..
1550 ... .
1610 ... .
1650 ... .
1750 . . ..

Dip.

Course.
North, 12 degrees east.............................
North, 10 degrees east............. • • . • • • • • • . . . . . .
North, 8 degrees east..•.....•...••..•....••••....,
North, 10 degrees east.............................
North, 10 degtees east .............................
N ortb, 13 degrees east ..•..•••• •...................
North, 18 degrees east. ..............................
North, 12 degrees east ........................ ,....
North, 8 degrees east • • • • • • . . • • . . . . . . . • . • . . . . . . . .
North ...• . ...•••••• , ..•........•.....••••........
North, 8 degrees east.............................
North ...•. , .. , •... , ••••.........•.•...•.••..••••.
North.............. • • • • • • . . . . . . • . . . . • . . • . • • • • • .
N ort beast , • . . . . . . . . . • . . . . . . . . • • • • . . . . • • . . . . . • . . . .
N ortb, 10 degrees east.. . . . • • • • . . . . • . . . . . . . . . • . • • . .
North, 5 degrtes east.............................
Northeast ....................... ,................
North ...... , ..........•..... . .••........ , • . • . .
North, 13 degrees ea~t.............................
North, 20 degrees east.............................
North ...........................................
North, 10 Jegrees west ...•. . .•..•.•.•..•.........
North .................•...•.•.•. , ....•..•..••..
North, 45 degrees east ..••.••........• . .••.... , •.•.
North ........•.. , ...........•........••••• , . . . . .

Eflst.
East.
East.
Eflst.
East.
East.

+

East 74 degrees.
East.

'

E ast.

East.
East.
East.
SouLheast 45 degrees.
East.

+

i<;ast.
East 80 degrees.
East.
Fast.
East.

+

Southeast.
East.

CROSS-FRACTURES.

Course.

Dip.
'

East...................................... South 70 degrees.
East........................ . . • . . . • . • . • . . South 72 degrets.
South, 80 degrees east ... , ... , .• , , . , , .••. , . . South.
South, ~0 degrees east.
South, 20 degrees east.
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Near Salmon Trout river, the sandstone exhibited several sets of fractures-one set bearing north, another nor~h 60° east, another north 60°
west, and another north 40° east. Several of the blor.ks formed by the
lines of division were measured. The following figures represent their
forms:
S.JOo W.

s.

280

w.

Fig. 14.

s.

4oo

vv.

S.fiOO W.

r-L_\ r·-\ __- _.
-~

8;)-o

80°.

At Siskawit hay, lsle Royale, two sets of fissures were observed in the
sandstone-one bearing south and southeast, the other south 40° and 60°
west.
A further detail of observations on this head is deemed unnecessary, as
they all go to prove the general principles before announced.
A I though the conglomerate attains a thickness of 1i ve thousand feet, yet it
by no means follows that the ancient sea in which it was deposited extended to that depth. Ripple-marks and clay-cracks have been observed in the
upper portions of this group; the one indicates comparatively shoal water,~
and the other the ebbing a11d flowing of a tide, or a change in the level
of the water.
The inference, therefore, is, that during the deposition of the conglomerate, the bed of the sea was subject to repeated elevations and depressions, caused by volcanic action, and that its waters obeyed the same
tidal laws which govern the existing oceans.
These conglomerates, then, may be regarded a, local deposites, formed
along the courses of the volcanic fissures by the··joint agency of fire and
water. When the former causes operated with intensity, the materials
consisted of spherical masses of lava and scorire. When they acted feebly,
or were quiescent, the materials became argillaceous or arenaceous.
Sandstnne.-It is not our purpose in this report to set forth the boundaries of the sandstone, much less to describe its characters, where it
comes in contact with the pre-existing rocks. These descriptions will be
reserved for the general report on the palreozoic rocks of this district. We
propose simply, at this time, to show its connexion with the cupriferous
rocks before described. In order that this connexion may be better understood, we introduce the following diagram:
Fig.l5.
Keweenaw Point.

Isle Royale.
Lake Svperior.

N.
a. a Crystalline trap.
b. b. Btdded trap.

c. c. Conglomerate.
d. d. Sandstone.

s.

:t<De 1a Bec~e states that t~e surface-~ction of the ocean d?es not affect the bottom beyond
the depth of mnety feet. Dtvers are s1:ud to find the water sttll at that depth during a tempest.
Stevenson, however, asserts that the agitations of the sea reach to the depth of two hundred feet.
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We have seen that, during tille deposition of the sandstone, numerous
sheets of trap were ejected, and fiowcel like Java-streams; and that the
igt"leons and aqueous products:were so intermingled as to present the ap, pearance of having been derived from a common origin; and that subsequently the unbedded trap broke through these parallel fissures, lifting up
the sandstones, conglomerates, and bedded traps, and causing the whole
mass to dip at high angles. Thus, this portion of the bed of Lake Superior is due to these two lines of upheaval. '"rbe sandstone between the
two lines performs an immense curve, portions of which are at least
800 feet below the chord formed by the surface of the water. The sandstone is seen on Isle Rqyale, forming t!;.Je outer reefs of Si.skawit bay. It
is of a dark-red color, somewhat fissile, and traversed by numerous divisional f>lanes. 'rhin beds of conglomerate, composed of trappean pebbles,
are seen, the whole dipping to the southea-st about 8°. 'rhis is not a
purely silicious rock, but takes into its compositii)n argillaceous particles,
with an admixture of oxide ot iron. Passing over to the sout~hern shore,
the sandstone is first seen on Keweenaw Point, in low reefs, near the
Lake-shore location, (section 1, township 57, range 33,) beyond which
pomt, proceeding eastward, it is succeeded by the conglomerate, which
rests beneath it. Proceeding westerly, the trap recedes fwm the shore,
and the intervening space is occupied by the sandstone, forming a belt
about ten miles in width.
About a mile above the Portage, a good opportunity is afforded for examination. Here commence a series of bold cliffs, which line the coast
for several miles.
They are composed of strata of unequal thicknes~
and induration. Some of the strata consist of silQx, with thin plates of
mica interspersed, wl1-ile others contain portions of alumine, colored red
by oxide of iron. The silicious strata afford excellent building materials, and the supply is ii\xhaustihle. Slabs varying from two inches to
two feet in thickness, and exposing perfectly level surfaces of forty or fifty
superficial feet, can readily be procured. The rock is sufficiently indurtlted
to give it strength, and is little affected by atmosplaeric agents. The water
is of sufficient depth to permit vessels to approach within a few rods of
the shore.
The unequal resistance which the strata oppose to the action of the
surf has caused the cliffs to assume vai'ious fantastic shapes. The harder
beds project like cornices, and can be traeed almost as far the eye can
reach. In the softer materials, the waves have scooped out numerous
caverns, resembling gothic doorways. The nearly horizontal stratifica.
tion of the rocks, their brick-red color, with occasional bands of a lighter
tint, and the numerous vertical fissures by which they are intersected,
cause them to resernble immense walls of masonry piled up by the hand
of man.
These cliffs do not range in continuous lines, but exhibit numerous
projections and recessions. Peaks shoot ,up above the mass, like towers,
connected by walls, which at the base are excavated into arches and gateways. 1-.,he whole is crowned by a dense mass of foliage of the birch,
the mountain ash, the fir, and the spruce. From this mass issue numerous fountains, which precipitate themselves for fifty or sixty feet before
they mingle with the lake. These cliffs may be regarded as a miniature
representation 0f the Pictured Rocks
As we Iecede from the trap, the dip of the sandstone diminishes rap-
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idly, and, at the distance of a few miles, the stratification becomes horizontal. The following observations are adduced:
Section
"
"
"
"

11
33
6
29
9

Township
"
"
"
"

57
57
56
34
54

Range 33
"
33
33
33
"
34

Bearing
"
"
"
"

N. 30°
N. 15°
N. 15°
N. 25°
NNE.

E.
E.
E.
E.

Dip
"
"
"
"

3:2°
20°
19°
10°
5°

NNvV.
"

"
"

The average width of this belt from this last-mentioned point westward
is nearly ten miles, and continues to range 42, where it is intersected by
the Porcupine mountains. Its junction with the trap on the north is
rarely seen, in consequence of the drift which reposP.:::; on it. It nowhere
rises into ridges, but slopes gradually from the trappeau chain, and appears
to have remained undisturbed since the upheaval of the trap, if we except that general elevatory movement by which the whole district has
been raised above the· ocean. level.
·
By the lake shore, (section 33, township 57, range 33,) a singular bed
of sandstone is exposed for a distance of eighty rods; and the same has
been recognised inland. It is composed of suh-crystalliue particles of
quartz and feluspar, but the original granular structure, on close inspection, can be recognised. Its bearing and inclination are conformable to the
adjacent beds, being north 22k0 east, dip 26° north northwest. From
the Portage to the Montreal river, the sandstone is exposed [tloug the lake
shore at short intervals. The further it is observed from the trappean
rocks, not only does its inclination become less, but the strata are less
colored, and the cohesion between the particles is slighter.
Between Salmon Trout and Misery rivers the inclination is very slight,
not exceeding 5° to the northwest. The trap range between these two
rivers is about six miles inland, and consists of low dome · shaped knobs.
To the west it is more prominently developed, and the sandstone in the
vicinity acquires a sharper dip, which gradually increases Hntil, at the
base o{ the Porcupine mountains, where the trap approaches within a
mile of the lake shore, rising up in a lofty ridge more than a thousand
feet in height, the sandstone is tilted up at an angle 0f 30° or 40°. The
intercalated beds in this vicinity are found to present a nearly uniform
dip, showing that their elevation is due to a single upheaval.
At Iron river, anq. at several other points, the sandstone is very :fissile
and of a dark-brown color, resembling a slaty rock. This rock is observed to dip in a direction different from the general dip of the sandstone which lines the coast. 'rhis diversity has been occasioned by the
upheaval of the Porcupine mountains, whose prolongation is at nearly
right angles with the general direction of the trap range. The bearing
of the sandstone exposed in the bed of the stream varies from north
and south to north 40° east and south 40'-> west.
The Presqu'isle river, a short distance above its month, is precipitated
40 feet over the dark-colored slaty sandstone. It here dips 10° northwardly, the bearing being south 61° west. About one-half of a mile
from its junction with the trap, it bears north 8° west, and dips northnorthwest 30°. At the mouth of Black river the same form of sandstone
appears, and may be regarded as an accidental variety of the rock which
lines nearly the entire coast.
Advancing along the coast towards the Montreal river, the inclina-
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tion of the sandstone gradually increases, and at the latter point it is oh~
served in a nearly vertical position. It is here about two miles removed
from the trap, and has the same inclination as at the point of contact.
'rhese dips have been taken on the northern slope of the trap range by
tlae lake shore, or in the beds of streams where there wag a good exposure of the rock. South of the trap range, the sandstone is almost invariably horizontally stratified, except in the immediate vicinity of the
trap, where, for the most part, it dips at a high angle to the south. Judge
Burt, however, found the sandstone south of Porcupine mountains dipping to the north. The general relations of the sandstone and trap will
be better understood by referring to the subjoined section from Lake
Superior, in township 51, range 43 .. to the Ontonagon river, in township
49, range 41.-(see opposite page.)
Passing over the trappean ranges, we find the sandstone occupying the
southern slope, and bearing the same relation to the trap as the northern
belt, with this exception, that the intervening masses of conglomerate are,
in the main, wanting. On the south side of Keweenaw Point, (section
27, township 58, range 28,) ab@ve Bete Gris bay, the sandstone is seen
bearing north 22~ 0 east, and dipping southeast, or away from thP trap, at
an angle of 78°, and can be traced along the lake shore for three-fourths
of a mile. It is nearly white in color, composed almost entirely of silicious particles, and would form an excellent firestone. On section 36,
township 58, range 29, it is again exposed, flanking a th.in band of
conglomerate. It here consists of alternating bands of a white and red
color, having a high inclination. In the bottom of the bay, when the
lake is tranG!uil _~ theie bands can be seen describing immense curves,
conforming in direction to the course of the Bohemian range. 'This
is a point of much interest, as it enables us to solve the problem of the
relative ages of the unbedded and sheet trap, and of the associated sandstone and conglomerate. Their order of succession is here distinctiy
traced.
On the east side of section 14, township 57, range 29, the sandstone is
observed in low ledges, forming the southern coast of Bete Gris bay.
Although but a few miles removed from the igneous rocks, it reposes in a
11early horizontal position. 1-,he rock is very fissile, of a deep red color,
and contains patches of dove-colored clay and ochre, or hydrous peroxide
of iron. 'There are also numerous concretions, resembling, at first sight,
the vertebrce or joints of crinoids, the mould being filled with pure white
silex, while in the centre it is not unusu~l to see a dark speck corresponding with the alimentary cavity or internal ca1>~.al. These concretions are so
curious that we append a figure. Cutting through one of them at right
Fig. 17.

angles with the planes .of stratification, it is found to be a sphere or ball
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the black speck which served as a nucleus. This peculiarity tn
the sandstone has been noticed at frequent intervals as far east as the
Pictured Rocks, and even at the outlet of the lake, though at the latter
place less perfectly developed.
At Tobacco river the sandstone is finely displayed in alternating bands
of white and red, fonning cliffs fifty or sixty feet in height. Just before
its entrance into the lake, the stream is precipitated over a ledge of this
rock from a height Df ten feet. 'rhe abo rig nal name .o f the river is liVasalcodewabikag-sepi, or Burnt Stone river, from the prevailing tint of the
rock. 'rhe present name applies to t~ dark color of the water furnished
by the cedar swamps which skirt the 'base of the Bohemian mountains.
Along the shore the sandstone is beautifully variegated-parallel banda
{)f a flesh-red color crossing the mass without reference to stratification,
and forming a striking contrast with the buff color which constitutes the
prevailing tint. (Plate XII, fig. 1, retro.)
Proceeding up Keweenaw bay, we find the sandstone lining the shore
in bold cliffs, with occasional entering bays; but there are places where for
miles it is impossible to find a boat harbor. The stratification is horizontal, or rather consists of numerous gentle undulations. The waves have
excavated caverns in the cldfs, and fashioned them into many grotesque
forms. 'rhe prevailing dip of the sandstone, we inferred, was about 5° to
the northwest. At one or two points we 11oticed thnt the strata had undergone slight yertical dislocations. As we approach L'Anse, the dip to
the northwest becomes apparent, and a ~hange in the external characters
is noted. 'rhe grains become coarser, and pebbles of white quartz are disseminated through the mass. We rarely meet with a pebble of greenstone or amygdaloid. At Crebbesa's (section 25, township 51, range 33)
it bears northeast, with a very perceptible dip to the northwest.
We have thus traced it to the limits of the metamorphic rocks. 'T
describe its relations to this system, although it forms one of the most interesting features in the geology of the region, does not come within the
purview of this report.
'The Sturgeon river was explored by Mr. Hill. For twenty miles no roek
was exposed in plaee, and its banks are bordered with stratified deposit.es of
clay, sand, and gravel. On section 8, township 51~ range 34, angular
Mocks of sandstone are observed, and in the southwest quarter of the section the white and red variety is exposed in the bed of a small stream.
It is extremely friable, and in other respects resembles that which is exposed at the White rapids on the Menomonee river, south of the great
anticlinal axis between the waters of Michigan and Superior.
Near the south boundary of township 51, range 34, the river flows over
a rocky bottom composed of sandstone, dipping north west from 2° to 2.! 0 •
'fhe rapids continue for three miles over this rock. The local disturbances in this vicinity by reason of the proximity of the igneous rocks have
been elsewhere described. The sandstone rarely emerges to the surface)
but is covered with heavy accumulations of clay. The Sturgeon river at
the time of our ascent was at high flood, a condition by no means favorable to geological explorations.
On 'rorch river the sandstone is exposed in the bed of the stream for
the di.stance of more than a mile. It consists of yellow or red grains, without any visible cement, enclosing quartzose pebbles and patches of dovecolored clay similar to that which occurs at Bete Gri_s bay.
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As this sandstone possesses no economical value, it is deemed unnecessary
to incorporate further local details. Its boundaries are defined, to the best
@four information, on the accompanying maps.
The sandstone extends uninterruptedly from Bete Gris bay to Black river,
a distance of 120 miles. On the west and north it is bounded by the trappean ranges, and on the south by the granite and metamorphic rocks. On
Keweenaw Point it is about ten miles in width, but between the head of the
bay and Agogebic lake it expands to twice that width. It forms a longitudiRal valley, through which sweep the Sturgeon, the Ontonagon, and Black
rivers, in a transverse direction. ~1e general appearance of this valley is
that of a nearly level plain, covered to a great depth by stratified deposites
of reddish-colored clay, in which the streams have excavated deep and
narrow ravines. It is thickly wooded, and the soil well adapted to agricultural purposes.
This sandstone has been examined from Fond du Lac to Grand
Sable, a distance of more than 300 miles. While the beds, in the main,
have been so little changed in the process of consolidation as to preserve
on their surfaces the forms of ripple- marks and clay -cracks as perfectly as
we behold them at this day on the borders of the lake, and while even
the indentations of the rain-drops which pattered upon that ancient shore
are well preserved, we search in -vain for any traces of animal or vegetable
life which flourished during this epoch. ~ From their entire absence we
are led to infer that, during the _deposition of the sandstone, the waters of
the sea, either from their high temperature or by reason of their impregnation with noxious gases, or both causes combined, were rendered incapable of sustaining vegetable or animal life.
We have adduced abundant evidence to show that during this epoch
the igneous causes were in a state of intense activity-that numerous lavacurrents issued from the volcanic fissures, and flowed among the silts and
sediments of the ancient sea. Modern volcanoes emit carbonic acid gas,
sulphuretted hydrogen ' and muriatic acid. These products must have
been evolved much more copiously during this epoch, when the exterior
surface of the earth communicated with the interior by numerous and farreaching fissures, at that time unfilled.
Humboldt supposes that the abundance of limestone which characterizes the Silurian epoch resulted from the decreasing heat of the superficial waters, allowing them to absorb carbonic acid from the air, at that
time overcharged with that element.
Before the sandstone was entirely deposited, the igneous causE's had
almost ceased to operate. \Ve may suppose that, as the waters parted w_ith
their heat, the limestone absorbed carbonic acid, and was thrown down as
a precipitate on the floor of the ocean.
In these precipitates, forming the lower l'nagnesian limestone, we detect
in the rocks of this region the first traces of organic life. The position of
this member of the series, and the entombed remains, we shall now proceed to describe.
#We might perhaps except the obscure traces of fucoids described by Dr. L,lcke as occurring
at the Pictured Rocks. One or two specimens of lingulre have been found ill Tequam enen bay;
and on the St. Croix, according to Dr. Owen, where the evidences of volcanic paroxysms are
less marked, the sandstone i.> h1ghly fossiliferous.
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COMPACT, OR LOWER MAGNESIAN Lil\fESTONE.

The sandstone, as we ascend from the lower strata to the higher, is
found to be less colored by the oxides of iron, and to take into its composition IJaiticles of lime, until finally it passes into well-characterized,
compact, magnesian limestone. 'rhe upper portions of the sandstone
effervesce with acids, where a granular structure oaly is recognisable by
the eye. We apply the term magnesian to this belt to define its lithological characters, although the associated organic remains would seem
to indicate the presence of several of the lower Silurian groups, which
cannot be recognised by lithologieal differenees.
The whole of _the northern ~lope of the anticlinal axis bears evident
marks of having been subjected to extensive denudation; and hence 0ver
the greater portion of this region we look in vain for traGes of limestone
·roci\s. If they existed, they have been swept away; and wherever we
penetrate through the thick deposite of clay and sand, we find the rock
in place to be sandstone. A limited pat~h of limestone, however, yet
remains west of L'Anse, forming the highest elevation in that direction
till we reach the trap range. 1t is in township 51, range 35, and occupies ..
a portion of four sections. It was first discovered by Mr. C. C. Douglass, in the summer of 1846, but nothing farther was known until the
toW11ship was subdivided in 184S, when its extent and exact locality were
determined.
.
Near the quarter-post, between seetions 13 and 14, township 51, range
3.5, the limestone is seen in plaee, forming a bluff, about 50 fett above
a small stream at its base. Here the strata are nearly horizontal, though
large blocks have slidden down the sice of the hill, and thus appear to
dip towards the east. 'rhe lunestone rests upon a white sandstone,
wh.ich belongs to the upper part of the formation which we have described
as uqderlying the whole of this valley.
A little to the west of the line, between sectiotas p3 and 24, and extending for a little more than a mile, the limestone is seen in a high chff
which runs south and gradually bends to the eastward, crossing the line,
in several ridges, near the southern limit ef these sections, when it disappears beneath the drift materials. Ledges of rock are occasionally exposed, from 20 to 50 feet in thickness. The height of the bluff above the
surrounding country is fully 200 feet; and about 600 feet above Lake
Superior. The limest~me is distinctly stratified, in layers from an inch
to a foot in thickness, which dip, aecording to measurements taken along
the lower edge of the precipitous portion, from 25° to 30°; and the
direetion of the dip is always to the eastward, varying at different points
from N. 50° E. to S. 20° E.
It is of a buff eolor-in some places silicious, with quartzose nodules;
but in others, highly magnesian, containi1:1g about 45 per cent. .of carbonate
()[magnesia .
..From the horizontality of the first described deposite, which occurs
about a quarter of a mile to the north, it seems evident that the lime~
stone overlies the sandstone, although the position of the inclined beds
of the more southerly portion of the limestone is at first difficult to
explain, since the surrounding country is low and level, and underlaid by sandstone in horizontal beds. It seems evident that at this
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point the country has been disturbed and upheaved by igneo11s action
beneath, which has raised the strata, without any' appearance of trappean
rocks on the surface. This view of the case is corroborated by the fact
that at no great distance from this point an elevation occurs from which
the strata of sandstone dip on all sides, and although there is no igneous
rock visible, yet it is evident that the sandstone has been raised in a
dome-like protuberance by a mass of igneous rock pressing upon it
from below. 'I,he same cause is also indicated by the irregular variation
of the magnetic needle in the vicinity observed by the linear sutveyors,.
which is unusual except when caused by the proximity of the trappean
rocks.
The isolateq knob of trap ealled Silver mountain, which has been before described, is an example in point-where, however, the elevating
force has not only been sufficient to raise and shatter the strata of sandstone, but, at the same time, to protrude a mass of molten igneous matter
above the surface.
Geological position.-As to the geological position of this limestone,
there ean be little doubt that it is superior to the sandstone. Mr. Whitney
and lVlr. Hill have both explored it with care, and both have arrived
at the same conclusion. 'rhe sandstone, wherever observed in this region, rests unconformably on the argillaceous schists. It is seen in this
position ten miles east of this deposite, and is found in the beds of the
streams in this vicinity. On the southern side of the axis, Messrs. Foster and Hill found these two groups occupying the same relative position.
Organic remains.-The fossil remains en tombed in this deposite are
by no means abundant, and are so imperfect, eonsisting for the most part
of casts, that it is impossible to identify species. We have submitted
such as were collected by us to Mr. James Hall, the accomplished palm~
ontologist of the New York survey, and herewith append his report:
"l have examined the fos£ils submitted to me from the ]imestone west
of Keweenaw bay. The specimens, unfortunately, are all in the condition of casts of the interior, and therefore the evidence is less satisfactory
than if the shells had been preserved. 'l'he evidence from the whole
together goes to prove that the rocks from whieh they were obtained belong to the older Silurian period.
" This evidence l will give in detail, so that you may judge of its value,
as well as myself; and you may give what weight you think proper to it
in your generalizations.
"One of the most conspicuous fossils (No. 1) is a species of maelurea,
not unlike the species from the Chazy limestone. All the species of this
genus yet known have been found in the rocks of the lower Silurian period; and although many hundreds of gasteropodous molluscs are known
in the higher rocks, there is not one of this genus, nor any form approaching it. I feel inclined, therefore, to regard this genus as a lower
~ilurian type.
·
"No. 2 is a fragment of a spiral gasteropod, either rnurchisonia or loxonerna)· the surface markings being obliterated, it is not easy to determine
to which of these gem~ra it belongs. Its association with maclurea is
presumptive evidence that it is a murclzisfimia, the species of which in this
country are restricted to the lower Silurian rocks.
"Among the acephalous molluscs, the casts of a species of ambonychia
(No. 3) are very conspicuous. 'The species are near A. orbiculata of the
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Trenton limestone, but are somewhat more elongated, and in this respect
•
•
approach A. amygdalina.
"A considerable number of specimens are of species belonging to the
genus modiolopsis, (No. 4,) among which are several bearing a close resemblance to M truncatus. Other specimens (No. 5) bear a very close
resemblanee to edmondia subtruncata and E. subangulata of the Trenton
limestone, (Pal. N. Y., vol. 1, p. 156, pl. 35_, figs. 2 and 3;) hut th-ese
specimens, which are casts, show a greater affinity to modiolopsis in having the strong anterior muscular impression so characteristic of that
genus.
"The specimens No. 6 are casts bearing a very close similarity to edmondia ventricosa. (PaL N. Y., vol. 1, p. 155, pl. 35, fig. 1.) These
specimens cannot but be regarded as identical or closely allied to the species cited.
"The cast bears no strong anterior muscular impression, but the laminm
between the beaks are impressed on both sides by prominent teeth, which
furnish sufficient marks to identify the species in this condition.
"No. 7 is another species of the same genus as the last, and is very
closely allied, if not identical with a species from the Trenton limestone of
New York.
"The leptmnm (No. 8) have the characters of L. sericea, which in its
highest range does not extend above the Clinton group of New York,
and is more characteristic of the limestene from the base of the Trenton
upward to the top of the Hudson river group, or blue limestone of Ohio.
"The species of orthis (No. 9) is too obscure to be identified, but it presents the characters known to me only in the lower Silurian rocks.
"The crinoid joints on specimen No. 10 belong to the genus glyptocrinus. The species is not more recent than the Hudson river group.
"The fragments of orthoceratites are too obscure to form any reliable opinions concerning them. The other fossils belong to bodies unknown to me
at the present time."
·
From all of the facts, these fossils may be regarded as belonging to the
earlier types of organic life. From the limited scale on which these deposites are developed, and the imperfect character of tl>le organic remains,
it is impossible to fix their precise equivalents in the New York classification. The sandstones and limestones which we have described may
be regarded as the equivalents of the Potsdam and Calciferous sandstones, the US.azy, Bird's-eye, and Black river limestones, and perhaps
of the 'l1 renton and even the Hudson river groups.
We have designedly omitted many facts with regard to the palffiozoic
rocks of this region; but in a subsequent report we purpose to describe
their range and extent, and also their fossil contents. In the execution
of this task we shall be aided by Mr. James Hall, who has investigated
the ~llurian rocks more thoroughly perhaps than any other American geologist.

Having thus, in several of the preceding chapters, delineated the boundaries and described the lithological characters and mineral associations of
the different systems of rocks embraced within the copper region, it will
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not be deemed inappropriate to advert to the varying conditions of the
earth durin.g the per.iod of their formation,
We may suppose that at one time all of this district formed a part of
thti bed of the primeval ocean. Adopting the theory of a cooling globe,
we may further suppose that the waters were in a heated condition, and
differed essentially in chemical composition from those of the present
oceans. The earth's crust was intersected by numerous, powerful fissures,
and the communication between the exterior and interior was unobstructed. Volcanic phenomena were much more frequent, and exerted
on a grander scale. Each volcanic paroxysm '"ould give rise to powerful currents and agitations of the water, and their abrading action in detaching portions of the pre-existing rocks, and depositing them in beds
and layers on the floor of the ocean, would operate with greater intensity
than at the present time. We can trace the remains of one volcanic fissure extending from the head of Keweenaw Point, in a southwesterly direction, to the western limits of the district; and of another, in a parallel
direction, from the head of Neepigon bay to the western limits of Isle
Royale. Along the lines of these fissures existed numerous volcanic
vents, like th se observed at thi:5 day in Peru, Guatemala, aud Java, which .
were characterized by periods of activity and repose. From these vents
were poured forth numerous sheets of trap, which flowed over the sands
and clays then in the progress of accumulation. During the throes and
convnlsions of the mass, portions of rock would become detached, and
rounded simply by the effects of attrition, and jets of melted matter be projected as volcanic bombs through the air or water, which, on cooling, would
assume spheroidal forms; while other portions of the rock,- in a state of minute
mechanical division, would be ejected in the form of ashes and sand,.
which, mingling with the water, would be deposited, as the oscillations
subsided, among the sands and pebbles at the bottom of the sea. During
the whole of this period of volcanic activity, the sands which now form
the base of the Silurian system were in the progress of accumulation, and
became mingled with these igneous products. The level of the sea, as
evidenced by the ripple-marks, was subject to repeated alterations: sometimes it rose so shoal that the marks of the rippling waves were impressed
on the sands; at others, it sank to unfathomable depths.
In the process of consolidation, the rocks became traversed by numerous fissures, and tbe water, charged with lime, was forced in like jets of
steam, filling them with materials different from the enclosk1g mass.
In this way the pores in the conglomerate and the vesicles of the amygdaloid were filled.
Thlis alternating bands of igneous and aqueous rocks were formed,~
until finally the great crystalline masses of greenstone were protruded
through the fissures, not in a liquid, but in a plastic state, lifting up the
bedded trap and conglomerate, and causing them to dip at high angles
from the axis of elevation. As the volcanic action diminished in energy,.
the detrital rocks enclosed fewer igneous products; and, when it ceased
~Consult, passim, De la Beche, (Survey of Cornwall,) Murchison, (E:ilurian System,) and
Professor Edward Hitchcock, (- vol. American Journal of Science,) as to tne mode of formation
of the bedlled trap.
These belts have often been described as dike.~ , into which the molten matter has been injected
along the lines of least resistance. If t~is were the case, we ought to find them, like the dike~
of greenstone in the granite, cutting across the formation, for that would be the line of least rt;J~istance, and penetrating the mass in ~umerous ramifying veins. Yve should expect to find the
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altogether, sand and clay, derived from regions remote from the lines of
disturbance, were the only maierials which, for a time, were deposited on
the floor of the ocean.
To illustrate the nature of volcanic ac.tion, we need only to revert to
instances which have happened within the present centnry.'*" So recently
as 1831, a mass of rock · rose up from the sea near the coast of Si.cily,
where soundings had previously been made to the depth of six hundred
feet. This mass, which was subsequently known as Graham's island,
rose gradually from the \Yater, until it attained an elevation of two hun·
dred feet above the surface, and a circumference of three miles. It slowly
diminished to the circumference of three hundred yards, and in the
course of three months sank eleven feet below the water, leaving a dangerous reef.
The formation of this island was attended with earthquakes and waterspouts, and the effusion of vast quantities of steam and vapor. The surrounding water was covered with scori<B and the bodies of fishes. Fragments of rock were detached by the waves and curre~ts, and deposited
in the bottom of the sea.
Now, if its bed were laid bare, it would probably be found to exhibit
a section somewhat like the following:
1. A mass of volcanic rock, forming an axis or cone, crystalline or granular in proportion to the rapidity or slowness with which it parted with its
heat, and the .degree of pressure to which it had been subjected.
2. Volcanic bjeccia, consisting of fragments which had become detached
and afterwards reunited with the fluid mass.
3. Coarse conglomerate., composed for the most part of pebbles derived
from the upheaved rp.ass.
4. Beds of arenaceous and calcareous particles, brought down by the
rivers of the adjacent coast, and enveloping the remains of fishes, if not
too perishable in their nature, and of shells,_inhabiting the surrounding
sea.
The conglomerates and trap tuffs would rapidly thin out as we receded ·
from the volcanic focus, and be replaced by the silts and sediments derived from the rivers flowing into the sea.
Such, we conceive, was the process by which the rocks embraced in
this report were formed. The heated condition of the fluids, as well as
the gaseous exhalations constantly escaping through the open fissures,
. would prevent the development of animal and vegetable life.
junction between the igneous and aqueous rocks clear and well definedJ and no marked characteri·ltics between the upper and lower portions of the. erupted matter.
This, however, is far from being the case. The 'u.pper portion of the trap belts is highly ve•
sicular, resembling pumice. Frequently we find angular blocks of trap included in this paste 1
like ice which has been broken into fragments and afterwards reunited. We find sandstone depoE~ited in the ftssures of the amygdaloid, and angular fragm ents of the latter included in the
sandstone. Between the two rocks there is no well-defined line of junction. The sand and pebb'es appear to have been thrown down while the latter rock was in a viscid state. On the other
hand, where the trap is exposed reposing on the sandstone, the line of demarcation is clearly
defined , the trap is less vesicu !ar, and the sandstone more changed . These appearance:;; ciParly
indicate to our minds that the bedded trap flowed like lava-streams among the sands while in the
progre:<s of accumulation, instead of having been inj ected in the form of dikes after the con_
solidation of the strata had been effected.
*This incident is cited by Murchison in his Silurian System, and applied in illustration of the
forma tion of the eedded trap. '
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'\'Vhen the igneous action became dormant, the water, having parted
with a portion of its heat, would absorb carbonic acid from the atmosphere, which, uniting with the lime held in solution, would be precipitated in beds and layers at the bottom of the sea. This Humboldt conjectures to have been the origin of the vast deposites forming the Siluria'n limestones. As the condition of the water changed, numerous types
of animal life sprang into being, whose remains are so profusely scattered
throughout the strata of that era.
NoTE.-Since the foregoing chapter was written we have examined Dana's Geolog-y of the
Exploring Expedition, and find that his description of the volcanic belts of the Pacific islands
corresponds in many respects with those of the region under consideration.
Thus, M<Jni, one of the Sandwich islands, is composed of compact and cellular basalt, and
compact clinkstone; but at the northeastern extremity there is a cliff of conglomerate 300 or 400
feet high In a pass throug-h the mountains, Dr. Pickering observed it 2000 feet above the
level of the sea, consisting of half rounded fragments of volcanic rocks.
"On Oahu, the compact basaltic lava alternates at times with conglomerate and tufas. Many
of the conglomerates are beds of rounded stones and gravel, of the same material as the mountains. Others are compacted beds of basaltic earth, and have a tufa character. The material in
many plaees consists of true volcanic scorire and cinders; the former twisted and ropy, and the
latter looking like cemented pitchstone, and the whole is so loosely aggregated as to crumble in
the hands. The alter lation of the solid and conglomerate layers may be seen at many places.
The latter are very irregular; graduating frequently into the finer kinds, and forming irregular

beds."
In describing the geologicaLfeatures of Kawai, another of this group, he remarks: "The conglomerates are very various in structure. Some are a coatse tufa; others consist of large rounded
mnsses-many thirty cubic feet in size, lying together, with earth ai1d pebbles filling up the interstices. 1'l4ey contain all the rocks of the mountains, the most cellulat, as well as the most
compact. Near the descent into the Harapepe valley, uot far from the bottom, there were
masses of scorire in the conglomerate, looking as if there had been ejections of sc01·ire in the
vicinity while the island structure was in progress, and before the superincumbent two hundred
feet of layers had been formed."
Simihu conglomerates occur at the Society islands, and the Samoan i5lapds. "At the Fejee
islands the coarse conglomerates pass ~radually into a basaltic sandstone, consisting of fine
grains of a very uniform texture. A still finer variety of compact structure resembles an argil._
"'
*
laceous rock, and might be mistaken for it from hand specimens.
"At the Mali cliffs the conglomerate differs in hardness; but in most instances bears evidence
of the action of heat in the firmness with which the fragments are cemented together. They are
sometimes fou nd in clo;;e C•' ntact with the solid basalt, at first seeming to be itnbedded in it. At
ma ny localities the rock will as readily break across the fragments of basalt as along the material
which uuites them. These rocks are generally stratified; though the stratified structure is often
more distinctly seen in the distant view than on the spot. In some instances it is minutely distinct. The strata are generally horizontal, but along the shores it is not unusual to find a large
inclination towards the sea. Some of the higher elevations of Vanua Lebu, (Fejee islands,)
consist of these conglomerates. The little village of Muthuata is over-looked by a th1wning
bluff 2,000 feet in height."
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CHAPTER IV.
MINES AND MINING.

Tlw extent and depth of the principal mines.- The dfects of a k11owledge
of metals on civilization.-England~ her minerals.- Tlte invention of
g'unpowder.- The steam engine.- The method of proving veins.Stopeing .- Tirnbe7'ing.-Machinery for raising the ores.-Detailed
description of the Lake Superior mines.-1'hf:ir present produce and
prospect of future increase.-Statistics with regard to the mineral
wealth of different countries.- Tlw consumption of copper by diJlerent
nations.
The exploitation of mines affords some of the most splendid examples of
human contrivance and ingenuity. In extent these underground workings surpass the proudest monuments of architecture, and, with their various shafts, adits, and galleries, constitute a labyrinth as inextricable as
that of Crete. 'The largest architectural structures are erected to gratify
the public taste, or commemorate some signal achievement in arts or in
arms; but these subterranean structures exhibit proofs of elaborate and
persevering effort :!lcientifically directed to _what is practical and useful.
To show the extent to which they have been carried, a few prominent
examples will be cited. '1'he engine-shaft of the United and Consolidated mines in Cornwall reaches to the depth of 1,650 feet;
and the length of the vanousr shafts, adits, and galleries exceeds
63 miles. The great adit for the discharge of the waters of the Gwennap mines, Cornwall, exceeds thirty miles.* The depth of the famous sjlver mine of Valenciana, Mexico, is 1,860 feet. The workings
of the Samson mine at Andreasberg, in the Harz, have been prosecuted
to the depth of 2,197 :feet. The depth of the mines in the Saxon Erze. birge, near Freiburg ,.are, in Thurmhofer mines 1,944 feet; in Honenbirker mines 1,827 feet. The depth of the celebrated mine of Joachimsthal,
in Bohemia, is 2,120 feet. The Eselschacht, at Knttenberg, in Bohemia,
a mine which is now abandoned, reaches the enormous depth of 3, 778
feet. At Rorerbiihel there were, in the sixteenth century, excavations to
the depth of 3,107 feet, and the plans of the works are yet preserved.t
These excavations appear the more wonderful wher: it is considered that
they were made before the introductjon of gunpowder. The old Kuttenberger mine is an ·example of the greatest depth to which human labor
has been able to penetrate; and if, to use the language of Humboldt, we
compare its depth (a depth greater than the height of the Brocken, and
only 200 feet less than that of Vesuvius) with the loftiest structures that
the hands of man have erected, (with the Pyramid of Cheops, and with
the Cathedral of Strasburg,) we find that they stand in the ratio of eight
to one.
'rhe produc'ts of mines have contributed in a marked degree to the ad*De Ia Beche and Burr.
tHumboldt, Cosmos, volume 1.
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vancement of the human race. Withont a knowledge of their application to the useful arts, the human family would have remained in the
rudest · and most simple state of society, dependent on the chase or the
spontaneous fruits of the earth for the means of subsistence; 01~· certain
tribes, under favorable circumstances, might have become nomadic herdsmen. This knowledge rests at the foundation of the three great objects
of human pursuit-agriculture, commerce, and manufactures.
To show how intimately the metals are connected with the comforts
and conveniences of life, we need only to refer to our daily observation.
They afford to man the means of rapid communication between distant
points; they are essential in the construction of the roof that shelters him,
in the preparation of the food that nourishes him, and of the raiment
wherewith he is clothed.
It will be found, too, that the greatness of a nation is as dependent upon
the geological structure of the country as upon any peculiarity of its laws
and institutions. England owes her pre-eminence among European na.
tions as much to her mineral wealth as to the principles of her free consti.
tution. It is probable that she would have been as powerful as we now
behold her, ~ had she nevm· been successively invaded by Roman, Dane,
and Norman. Long before the Christian era, her shores were visited by
the Tyrian fleet, in search of tin to convey to the then emporinm of the
world. Her mineral wealth has be~n the main-spring of her prosperity;
and were this exhausted, she \Vould sink to a second-rate power. It is
this which has built her workshops and factories, and filled them with
colossal machinery; it is this which has equipped her fleets, and made her
the carrier of the world on the great highway of nations. Her exhaustless supply of fossil fuel has made Swansea the smelting-house for the
copper of both hemispheres. It is this which moves her 20,l100 steamengines, supplanting the la-bor of at least five millions of men, and performing it with a predsion and certainty which human hands could not
attain.
·
There are two inventions whieh have given the moderns infinitely
greater facilities in the exploration of mines than were enjoyed by the
ancients. These are the inventions of gunpowder and the steam-engine.
The invention of the former haR been ascribed to the Arabian alchymists, but M. Reinaud has shown that their claim is without foundation.
It was first used for blasting rocks in the Rammelsberg mines, in the
Harz mountains, in the twelfth century. It was first introduced into
England, according to Mr. vVatson) early in the seventeenth century, by
Prince Rupert, who brought over a gang of German miners and employed
them in the copper mines of Staffordshire. It was not known m Somersetshire until 1620, after which it became introduced into Cornwall. It has
been supposed that it was first used in the districts of Lelant, Zen nor, and
St. lves, by two men, named Bell and Case, who came from the East.
They kept their operations a profound secret, suffering no one to see them
charge the holes; but a man of Zen nor concealed himself behind a bolt,
and discovered and revealed the mystery.
The steam-engine has proved as efficient an au xiliary in the working of
mines as gunpowder, and without its aid, many of tlle mines of Europe,
now profitable, would ue rendered worthless.
The advantages of this agent have been graphically described by Mr.
1
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"\Vebster:*' "It is on the rivers, and the boatman may repose on ~is oars;
it is in highways, and begms to exert itself along the courses of land conveyances; it is at the bottom of mines, a thousand feet below the earth's
surface; it is in the mill, and in the workshops of the trades; it rows, it
pumps, it excavates, it carries, it draws, it lifts, it hammers, it spins, it
weaves, it prints."
The first steam-engine employed in mining in Great Britain was erected
in C::mnvall, between the years 1710 and 1714; now, the steam-power
thus employed for these purposes, according to Mr. ~ vVatson, may be estimated as amounting to the labor of 150,000 horses, or that of 750,000 men.
In the Lake Superior copper region the position of the mines is generally
exceedingly favorable for exploration; they are mostly situated in the
lofty trappean cliffs, which afford great facilities for raising the ure and
for draining the water.
rrhe usual _method resorted to for the purpose of mining a vein, the
position, underlie, and bearing of which have been determined, is to sink
shafts on the lode where it is nearly vertical, or away from it where it is
inclined, so as to intersect it at a given depth. In the latter case, it is
necessary to excavate much unprofitable ground in order that the working
shaft may be perpendicular. Simultaneously with these operations, it is
advisable to eommence the construction of an adit-level-a work requiring
the exercise of the highest judgment and skill on the part of the mining
engineer, not only to select the most .advantageous site, but to intersect
the shaft at a given point. The adit-level often serves the double purpose
of draining the mine and of exploring the country through which it passes.
Where a lode is profitable, the adventurers often expend large sums to get
rid of a few inches of water. Professor Ansted states that he has often
known .;{?20,000 or £30,000 expended in this way for the purpose of
saving a ~ingle foot of water. We have before adverted to the immerrse
sums expended at the Consolidated mines on these objects.
The contents of the lode are attacked by means of horizontal galleries
extending between the shafts. These are ordinarily driven at the depth
of 50 or 60 fe~t. Winces or vertical shafts are often started from the extremities of the galleries, for the purposes of ventilation and laying bare
the lode. In this way the metallic contents of a vein are cut into a series
of oblong bl.ocks, the removal of which is called stopeing. 'This is accomplished in two ways-either from above or below. In either case the
excavations are disposed in steps, like a stair. One miner cuts out a rectangular mass from 4 to 6 yards in length and 2 yards high. While he
is carrying fc1rward this work, another miner commences two yards beneath the first, and in tl\e same manner' excavates the rock beneath his
feet. In this manner as many miners operate simultaneously as there are
steps between the two horizontal galleries. As they ad vance, wooden
floors are co.Bstrncted tor t1le purpose of sustaining the attle or rubbish.
Such portions of the lode only are taken down as are supposed to be
sufficiently rich to pay for the extraction of the metal. ':Wlis method of
working will ~e readily understood from an inspection of the sections of
the mines attached to the descriptions in this chapter.
'The ascent and descent of tbe min€rs is effected by means of ladders
placed against the shaft, interrupted at every ten fathoms by floors. In-

* Address before the Boston Lyceum.
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ventions for ascending and descending by machinery have been put in
practice in the deep mines of the Harz, and other districts where the mines
have been worked to a great depth, by which a great saving of time is
effected.
The timbering of the shafts and adits forms in many mines a very
considerable item of expense. In Cornwall 7 the timber mostly employed
is Norwegian pine; in Germany, on the contrary, oak is chiefly used.
Such kinds of wood as can be had at the least cost are generally used,
though the importance of sound timbering in extensive mines is very great,
and the condition of this portion of the work forms a considerable item in
estimating the value of a mine which has been long worked. The quantity of timber in the Cornish mines is so great that it has been estimated
that it would require one hundred and forty square miles of Norwegian
forest to supply it.
The quantity of timbering required in the Lake Superior mines i~ comparatively small, since the walls of the shafts are of firm and unyielding
rock; but near the surface, where the rock is broken and disintegrated,
strong supports are req nisi te.
The annexed sketch (fig. 18) will explain the method of timbering a
horizontal excavation through which a tram-road is laid for conveying the
ores to the surface:
Fig. 18.
In the Lake Superior land
district, the resinous trees afford the best material for timbering ; and the tamarack, in
strength and durability, will
probably be found superior to
all others. The spars should
be deprived of their bark, as,
by retaining the moisture, it
accelerates decomposition.
The pumping of the water
from the mines, and the raising
of the ore, in this district, have
been thus far effected principally by horse-whims. At the Cliff
mine it was the intention of the proprietors to put up steam machinery
. for this purpose during the past winter, which we presume is now in
successful operation.
This agency will ultimately be employed at all the mines, even where
water-power can be made available; for, in a region where the climate is
so rigorous as on the borders of Lake Superior, and where for months in
su.ccession the thermometer does not range above the freezing point, there
is too much uncertai ty connected with the use of the latter. In the
stamping-mills, during the intensely cold weather, it becomes necessary
to resort to fire to prevent the steam from congealing on the engine, in
long icicles, and the ice from forming on the stamp-heads. In an extensively opened mine, giving employment to many hundred people, un.
certainties of this kind must be avoided. The work must progress from
day to day, the stopers following fast on the drivers.
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The usual whim employed in the mines is exhibited in the annexed cut:
Fig. 19.

A vertical axis supports a drum on which a rope is wound and unwound,
the rope passing over fixed pulleys, called poppet-heads, and being
attached to the two kibbles or buckets, one of which descends as the
other ascends. In raising the heavy masses 'of copper at the Cliff tnine, a
powerful capstan is used, in connexion with suitable tackle, by which a
weight of several tons can be raised.
.
Having thus briefly noticed the general nature of the exploration, we
will now proceed to describe the principal mines in this district; and to
illustrate the method of working, and th~ progress of the under-ground
operations, we have prepared several sections, take:q. principally from
·
surveys and measurements of Mr. Hill.
CLIFF MINE.

" .

The Cliff mine is situated on Keweenaw Point, about three miles from the
lake shore, in the southwest quarter section 36, township 58 north, range
32 west. A ranw~ of elevated hills sweeps round in a crescent form, trending
in a southwesterly direction, and forming the western boundary of the
valley of Eagle river. In places these hills attain an elevation of 800
feet, and towards the valley present bold mural escapments, while on the
side exposed to the lake the slope is gradual. ·This range is composed of
trappean roeks. The summit is capped by a hard crystalline greenstone,
as at the Cliff mine, passing into a feldspathic porphyry, as at the Albion.
Below, and forming the base of the ridge, is a belt of granular trap, occasionally amygdaloidal. Between the two there is a thin belt of slaty
chlorite about twelve feet In thickness. These belts dip to the north at an
angle of 45°, conforming in this respect to the inclination of the detrital
rocks which .flank the range on the north. Wherever veins are observed
in the greenstone, they are found to be pinched and barren; but where
they enter the compact or granular trap they eX:pand in width, and become charged with metal. This trap has a good degree of firmness, and
consists of labrador feldspar, and chlorite. It has been remarked that the
best rock in this region for productive veins is neither a crystalline greenstone nor a soft porous amygdaloid, but a granular trap, with occasional
amygdules scattered through it, and possessing a good degree of consistency. Where veins enter the greenstone, as before ren:arked, they become pinched; where they penetrate the soft amygdaloid, they become
scattered and lose themselves.
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The lode of the Cliff mine is seen to occupy a break or depression in
the hill, and thence can be traced to its base. It was discovered 'in the
summer of 1845, and during the succeeding fall a arift was carried into
the greenstone about one hundred feet, (see plan. A,) and between that
point and the summit several others were opened. When first discovered,
the vein could only be seen in the upper belt of greenstone, the metallifer~
• ous zone beimg concealed by detritus. No one could have inferred from
its appearance at that time that the enormous masses of copper existed but
a short distance below which subsequent explorations revealed. It was
examined by Dr. Jackson and Mr. Whitney conjointly, about the time of
its discovery, who reported that the surface· indications were not highly
favorable at the points where the vein was exposed, but that, as it became
wider and richer in its downward course, the company should by all
means make a thorough examination by uncovering and examining the
vein at the base of the cliff. At the summit it appeared hardly more than
an inch or two in width: the gangue was mostly prehnite, with copper
as)sociated with silver, incrusted with beautiful capillary crystals of red
oxide. Further down the vein was again exposed; here it had expanded
to the width of nearly two feet, the veinstone consisting of a series of
reticulations of laumonite.
Up to this period the sandstone and conglomerate were supposed by
many to afford the best mining-ground, and that to this source they
were to look for permanent supplies qf the sulphurets of copper.
During the winter of 1845-'46, some German miners, in clearing away
the talus near the base of the cliff, discovered a small loose specimen 0f
mass copper. This stimulated them in their researches, which resulted
in the discovery of the vein in the belt of granular trap (b) about twelve
feet to the east, showing that it had been subjected to that amount of
heave or dislocation. From that point a level was carried into the hill
seventy feet before anything valuable was developed, when the great mass,
so called, was struck-a fortunate circumstance, not only to the company,
but to the whole 'm ining interest on Lake Superior. It. gave encouragement to those engaged in these pursuits, and induced them to persevere.
It also demonstrated the true source from which the loose masses occasionally found on the lake shore had been derived. It demolished the
fanciful theory advanced by at least one geologist as to tl:w transport of
the Ontonagon mass from Isle ·Royale, and showed that it was not necessary to resort to i.cebergs and changes in the rela.tive level of land and
water to account satisfactorily for its position. From that time to the
present day, hardly a month has elapsed without developing new masses;
and their occurrence, so far from qeating wonder, is re~arded as a matter of
course. The largest single mass hitherto exposed weighed about fifty
tons. The position of the mass copper in the vein is indicated by the
spaces between the dotted lines marked M, while the intervening spaces,
mm·ked S, afford stamp work.
It will be seen, by reference to the plan, that the levels 1, 2, and 3 have
been extended northwardly into the greenstone before describeq, but in
no instance has the vein been found after having pierced that rock. · This
. arises probably from the lateral dislocation before referred to, the true posi.
tion of the vein being twelve feet to the west. As a matter of curiosity
even, it would be desirable to cross cut to determine the extent of this fault,
and the character of the vein where it enters the greenstone. It will,
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withDut doubt, be found less metalliferous at that point than in the granular trap which contains the prP.sent workings.
rrhe deepest shaft in this mine has been sunk 270 feet below the surface . rrhe other two are little less in depth. The adit, which drains the
mine to the depth of 100 feet below the first gallery, has been extended
750 feet. rrhe amount of .stopeing and timbering, .and the disposition vf
the attle, or rubbish, will be seen by inspecting the plan.
The fbrce employed in this mine at the present time consists of 160
men. The mine is under the management of Capt. Jennings, who has
displayed much energy aml judgment in developing it. If any criticism
may be allowed, it would be to the effect that there has been no increase
in the force for the last eighteen months. 'The openings in the mine
should be in ad vance of the stope work. By pushing these :6n·ward the
country is explored, ample space is given to the miners to wmk, and Ol)·
portunities from time ' to time afforded to increase the force .
.
The machinery employed for raising the ore and freeing the mine from
water is admirably contrived; but the mine is now so thoroughly opened
that the company will soon substitute a steam-engine in the place of
horse-pow'er. The stamps erected here were the first which operated
successfully, and have served as a model for the mines in other parts of
the district.
The connexion between the different parts of the mine is exhibited in
Plate VIII, which is to be regarded as a plan, rather than a landscape.
The cliff in the back -ground cm:tsists of the crystalline greenstone before
described. 'rhe vein traverses . it in a nearly perpendicular direction,
pierced by several galleries which extend no great distance, as will be
seen by referenee to the section, Plate VII-the vein here proving to be
contracted· and meagre in metal. The mining ground,. represented in
P late VII occurs below the cliff of greenstone in a belt of amygdaloidal
trap, and the relations of the two rocks are exhibited in the plan last re-·
ferred to. The poppet-heads and whims for r&ising the ore and water are
s.een at the entrance of the shafts . T he bmlding near the centre is used
for caleining the rock preparatory to stamping it, assorting the ore, and
cutting the mass copper. rrhe building on the ex treme right contains
the stamps and washing apparatu s, which will be described in detail in
a nother chapter. The productiveness of this vein may be inferred from
t he amount of stopein g which has been done, which is represented by
the dark portions in the section, Plate VII. The disposition of the attle
is also there represented.
·
From the reports of the trustees rendered in 1849 and 1850 we gather
the following information:
The amount of eapital stock paid in by the stockholders= $110,000.
The personal effects of the company on the ht of December, 1848, were
$140,982, leaving a surplus of $ 111,105-a sum a little more than equivalent to the entire capital stock. This statement does riot inelude the
mine, with its fixtures and improvements, such as the stamping-mill,
· furnace, &c.
9
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The nett products of the mine, and the expenses of mining prope-r,
from the commencement, are given below:

.

Product.-.

Expenses.

$8,870 95
$32,203 44
• . 70,977 32
61,737 85
1847
• 166,407 02
67,667 58
1848
106,968 77
1849
- 2441237 54
This embraees such expenses only as were incurred at the mine;
those of insurance, commissions, freights, &c., are excluded. The
cost of transportation to Boston is $15 per ton; to Pittsburg, $7 50. The
incidental expenses amount to about 20 per cent., in addition to those of
mining.
The company have erected the necessary works at Pittsburg for smelting and refining the copper, and they estimate that the shipments for the
year ending December, 1849, will amount to 660 tons of refined copper.
The product of silver for the year 1849 was $2,365 30.
The following table exhibits the monthly products of the mine for the
two years ending December 1, and the character of the ore. It will be
seen that, while the amount of the barrel and stamp-work has increased,
the amount of mass copper has slightly diminished .

1846

.

Statement of the monthly yield of copper during the years 1848 and 1849.
- ---

I

-

-

MASSES.

50 per cent.

65 per cent.

1848.

1849.

1848.

----- ----December•••••••••••••••
January .................
February ..•••...•••• , ••
March •••••••••••••••••
April .•••.•••.••••.... ,
May ....................
June ....................
July ••••••••••.••••••••
August .••••••••••••••••
September .•••••••••••••
October ••••••••••••••.••
November ...............

- -

STAliiP·WORK.

,

CLIFF MINE.

Months.

-

BARREL-WORK,

31,843
34,770
36, 187
50,585
58,222
33,981
52,797
41,280
42,374
35,574
30,667
38,207

50,007
40,756
20,685
22,864
21,298
90, 129
88,562
57,932
55,082
50,303
41,371
27,325

161' 221
147,687
117,417
146,936
97,631
102, 155
97,364
59,633
65,062
47,490
73,734
93,552

1849.
--~--

55,354
73,159
79,405
48,669
43,692
99,600
9:2,874
93,385
236,237
88,401
103,081
64,027

Total 7 in pounds.

5 per cent.
1848.

1849.

1848.

----- ----- ----140,000
150,000
186,500
358,5110
328,000 .
311,000
3J~,392

309,000
490,500
5u8, .500
390,000
314,000

571,500
514,500
529,500
583,500
338,5(10
4~4,500

325,500
399,000
504,000
3D6,000
480,000
46S,OOO

333,064
331,457
340, l04
556,021
483,853
447, 1:36
543,553
4l9,9I3

597,936
591,564494,401
445,729

_____
184!).

__,

676,861
6:.:8,415
629,590
6:25,0::13
45:-.!,4~0

614,:.!29
506,936
550,317
7B5,319
534,704
6:24,452
559,352

- -------- - - -·- - - - - - - - - - - - - ----- - - - - -- - - - -----Total. •••.••••••••
486,487
7,2:J8,698
566,314
1,209,852
1,077,884
5,584,500
5,575,731
3,879,392

t;;

c

~

~

?

0')

~

.....

- ~

,_
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North American mine.-This mine is situated in the NW. quarter of
section 2, township 57 N ., range 32 W. Its geological position is similar
to that of the Cliff mine before described, both being in the same range of
cliffs, and occupying adjoining quarter sections . The veins, however, are
distinct. From the surface to the point B, in the smaller shaft, the lode
dips 23° below the horizon, where it is intersected by a small vein or
feeder, beyond which , in its downward course, it dips but one foot in six.
Thefollowingsketch represents a cross-section aboy e the point B. Here, the
Fig. 20 .
lode was found to be of little value, c0ntracting to
a foot or eighteen inches in width, and affording
st;;~.mp work of an inferior quality,
BP.low, it increases in width, and becomes highly metalliferous. At the point G, another feeder comes in,
which, like the former, enriches and expands the
lode still further. The walls are very variable.
In some places, they contract to a mere fissure;
again they expand to seven feet. 'This expansion is observed where the vein C comes into
the main lode. 'rhrough the entire length· of the lower level, it has been
found good;containing in some places mass copper. From an examina- ·
tion at the depth of ninety-five feet, it is inftjrred that the veinstone is
3 or 3~ per cent. richer than ~hat taken from the second level. The stamp~
work, at present, yields about 7 per cent. This estimate, we are aware,
is 3 per cent. lower than the agent rates it. From every bunch of ore
containing 30 tons there are taken 4 tons of what is called barrel work,
yielding 40 per cent. of copper, and the addition of the masses at 60 per
cent. w ill make the average yield of the contents entire not far from
9i per cent.
The gross amount of copper taken from the mine during the past year
is not far from 1,400 tons, which will yield 129~ tons of pure copper·.
The mine has not been opened sufficiently, except within the last seven
mo nths, to admit workmen to :ildvantage. Thirty-five tons of copper
have been sent to market during the past season, and the product for the
next season may be safely rated at 200 tons. When fairly opened, it
will annually yield from 4LO to 600 tons of pure copper.
The stamps connected with this mine are the best hitherto erected in
this region. They are driven by a steam-engine, and with .eight stampers
are capable of turning out 80 or 90 tons per week.
Appended to the section is a view of the vein as it appeared at the
point A, in the lower level, 180 feet below the surface. A sheet of native
coppPr, one foot in diameter, was seen to oceupy the foot- wall, and to extend from the bottom to the top of the gallery. The other portion of the
·v ein, one foot in thickness, was composed of calc-spar, quartz, chlorite,
and epidote, filled with small spangles of copper. Its course is N. 58°
W .-cutting across the formation.
This mine at the present time gives employment to 61 miners and 24
. surface-men. The monthly pay of the former amounts · in each case to
$24; of the latter, $20.
These workings have been prosecuted under many disadvantages and
·discouragements; but through the energy of Mr. John Bacon, the agent,
.they have been overcome, and the company are in the possession of one
of tb.e most valuable mines in this region.
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Minnesota mine.-This mine is situated about twe miles east of the
Ontonagon river, and fifteen miles from its mouth, (N\V. quarter section
15, township 50 N., range 3~ W.) The trap ranges here run in a NE.
and SW. direction, and attain an elevation of al;>Out 700 feet above the
lake. Like the range of Keweenaw Point, they are flanked by sandstone
and conglomerate, dipping northerly, besides containing intercalated beds
of these detrital rocks. 'rhe section of the adit appended to the plan of
this mine shows the relation of one of these sedimentary beds to the
..
igneous formation.
This vein belongs to a system totally distinct from that of Keweenaw
Point. While the latter system crosses the formation at nearly right angles, the former has a course and inclination nearly conformable to those
of the accompanying sedimentary rocks.
·
The inclination of this vein is north 52°, which is parallel with the
sandstone seen at the base of the hill. (Vide section of the adit before
referred to.) The veinstone consists of epidote, chlorite, quartz, and calcspar, distinct in character from. the waH-rock. The walls of the vein
are, fur the most part, well defined, exhibiting the grooved and polished
appearance, termed by the Germans slickensides. 'rhroughout the gangue,
copper exists in masses, bunches, and spangles. Silver occurs in places
in connexion with calc-spar and chlorite, one speeimeon of which weighed
eight ounces. In the spring of 1849, we examined this mine be:fi1re any
stopeing had been done. 'rhe drift had been extended between the two
shafts, 156 feet apart. At the point of iflterseetion between shaft No. 1
and the drift, a mass of nearly pure copper five feet in thickness was exposed, occupying the hanging-wall. A few feet east, it was observed to
change its position and occupy the foot-wall. The sheet copper appeared
to be ne:;~.rly continuous between the two shafts. The width of the vein
at the point where the level intersects the shaft No. 1 was found to be
eight feet, but at shaft No.' 2 contracted to three feet. This increased
width is due to a feeder or branch which intersects the main lode
and becomes merged with it, where shaft No. 1 is sunk. To the west of
this point, a drift has since been extended eighteen feet in length and
thirty-eight feet below the surface. Here, the vein expands to eight
feet, and is almost entirely filled in with sheets of native COJ3per.
Shoots branch off from the main mass, occupying the fissures, so as to
interpose a brazen barrier to further driving in that direction. These
masses can o~ly be reached by stopeing from the adit-level upward
until they are intersected, and then driving along their sides. By means
of powerful sand-bla~ts placed between the sheets and the hanging-wall,
they can be thrown down; after which, a great amount of labor remains
to be performed, in cutting them into blocks, so that they may be remove~
to the surface, where they must undergo still another subdivision into
blocks of one or two tons weight, that they may be transported to the
river. The sheets between shafts Nos. 1 and 2, where the vein was stoped,
yielded no masses of any great thickness. At shaft No. 2, 42 feet
below the surface, a mass of copper was struck, and the sinking continued besiue it to the depth of 55 feet, whi'ch was found extending into the
level westerly. Portions of this mass were taken down, while other portions remain on the hanging-walL The.-.e points are indicated by the
letters .M, M. Here~ the vein is five feet in width, composed not entirely of materials distinct from the wall-rock, but of intercalated portions

134

. Doc. No. {)9.

of trap. This was the character of the vein between shafts Nos. 1 and 2.
In shaft No. 3,. 180 feet west, the vein is 28 inches in thickness, including
the rocky portwn, and pre~ents the followil!g section:
Fig. 21.
1., Quartz and chlorite, with copper in strings and
bunches.
2, 3. Beds of rock, similar t@ the wall -rock, with
thin sheets of copper filling the seams, .in sufficient
, ,., abundance to pay for working this portion of the vein.
\~~\~~ ;.
4. Quartz, chlorite, cale-spar, and epidote, contain~&~\\;. ing a large percentage of copper, in masses, bunches,
, li\, and di~seminated.
~ ~t· In certain portions of the lode, these beds of rock
~~~l,.t'disappear, the whole matrix being filled with materials
\Iii~'' distinct from the walls.
According to the statement of Mr. Knapp, the agent of this mine, whose
energy and zeal in exploring this tract we have noticed under another
head, there were taken from this mine, last year, (1848,) eleven tons of
copper, seven and a half 0f which were included in the mass raised by
the ancient miners, the position of which is indicated in the plan. (See
shaft No. 1.)
This was sent to market before the company had fairly commenced operations. During the past season, there have been taken from the mine
57 tons of copper, in mas~;es, estimated at 75 per cent., and 700 tons of
stamp-work, estimated at 6 per cent., making in the aggregate 84! tons.
of pure copper-the mass of the veinston~t yielding nearly 11! per cent.
_There are now exposed, in the shafts and levels, about 30 tons in masses,
l:>esides a considerable quantity of stamp -work.
A year has not elapsed since this mine was opened, and none of the
shafts have been extended to a greater depth than 57 feet. No mine in
the country has produced so great an amount of copper, with the same
amount of labor and capital expended ·we cannot find its parallel in the
whole history of copper-mining, wherever prosecuted.
Plan cif the mine.-An adit-level is now bPing driven from the base of
the hill to intersect the vein, at nearly right angles with..its course, at shaft
No. 3. its length, when completed, will be 375 feet. Thence, it will be
extended along the course of the vein so as to strike the several shafts.
Shaft No. 1 will be intersected 77 feet below the surface; shaft No. 2, at 81
feet; and shaft No.3, at 86 feet. The shaded portions represent the present workings, while the light portions show what remains to be accomJ!>lished. The ancient workings are indicated Qy a series of oblique lines.
'".rhe Minnesota vein can be traced along fhe surface f@r the distance of
~ mile or more, and in this respect it admits of the employment of a
greater number of miners than any vein yet discovered in the copper region. The containing rock is a dark-gray, mottled trap, of a granular
texture, with occasional almond -shaped cavities through it. It bre.aks into
rhomboidal blocks, and readily yields under the drilL Its constituents are
hornblende, feldspar, and chlorite.
The £ection of the adit ·protracted 300 yards north cuts no less than six
veins, some of whieh conform in dip to the vein now wrought, while
others intersect the rocky planes perpendicularly.
Ttle company now employ 84 men, about one -half of whom are assigned to the mine, while the other half are employed in erectiug the
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necessary buildings . . These will consist of a whim-house, a house for
calcining and assorting the ore, a stamping and washing-mill, with a
saw-mill attached. 1"'hey have already erected five dwelling hous~s,
two smitheries, two barns and other out-buildings, and a commodious
warehouse, on the right banlrof the Ontonagon. They have constructed
· an excellent road to the river, 2~ miles distant, and cleared and cultivated about 45 acres of land. 1"'hey raised during the past year 500
bushels of potatoes, 300 bushels of turnips, and other vegetables. This
work seems almost incredible, when it is considered that, a year ago,
there was hardly a tree felled on the location, hardly a cubic foot of rock
-excavated from the vein .
Northwest mine.-This mine is situated on Keweenaw Point, (section
15, township 58 N., range 30 ·w.,) in the same belt of trap in which
are contained the Cliff and North American mines. It occurs on the
southern slope of the northern trap range, and overlooks the valley of
the Little Montreal river.
Fig. 22.. .
1

3

2

The above sketch wilt convey an idea of the nature and extent of the
workings. The rock is a dark gray coin pact trap, occasionally amygdai oidal. "ro the north of shaft No. 4, occurs a belt of conglomerate about
12 feet in thickness, with a northerly inclination of 40°, reposing on a
brecciated trap. Within a space of 300 yards are three distinct and well<lefined veins, whose be;1ring and underlie are as follo\ys:
East vein, bearing north 16~ 0 east, underlie 8° east.
Middle vein, "
"
19° west, "
8° west.
17° west., , " 12° west.
West vein, "
"
It is not improbabl;: that aU may ultimately be found to converge and
form a single lode of great power. The main workings have been prose(3Uted on the eastern vein. An adit-level has been driven 500 feet; when
.extended 136 fe~t farther, it will intersect shaft No. 4, at the depth of 73
feet. Another gctllery has been opened; 60 feet below, and a portion of
the lode removed, the stopeing being represented by the shaded lines.
The vein, along the course of the adit, is well defined, and varies in
width from a few inches to two feet. In the northern part, where the
present workings are prosecuted, it expands to 2~ feet, and is highly
charged with copper.
.
At the northern extremity of the second level, the vein is 31 inches in
width. At the bottom of shaft No. 3, 90 feet from the surface, the ·vein
is observed to have a greater expansion than at any intermediate pcint.
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Its impregnation appears to have taken place at two different periodsw The·
western seam is composed of chlorite ancl calc spar, with but little quartz;
the copper oceuring disseminated and in thin plates. 'rhe eastern seam is
composed of quartz and calc-spar, with but little chlorite-the copper
occurring in masses, bunches, and strings.
Where the fissure was observed to be subsident, the walls came almost
in contact. Where, on the other hand, the fissure was nearly perp~n
dicular, the vein had the widest expansiOn.
Two shafts have been sunk on the west vein, each to the depth of 50
feet. From one of these a level has been extended 80 feet, and a
portion of the lode removed, and masses weighing a ton and upwards.
have been taken down. This vein promises to be of gre~t value.
The product of this mine~ according to the best information, up to the
present time, has been 50 tons of mass copper, yielding 50 per cent.,
and 500 tons of 8 per cent. stamp-work. 'rhe present force employed
consists of 53 miners and 42 surface -men.
Copper Falls' mine.-The old mine is situated, on the northern slope of
the trap range, about two miles from the lake shore. Within that space
there are four alternations of trap and conglomerate. The belt in which
the lode is situated is only a hundred and fifty feet in thickness, and dips
northerly at an angle of 33°. · A belt of conglomerate reposes upon it,
forming the northern slope of the hill; while a belt of metamorphosed
sandstone, fifty feet or more in thickn,ess, occtlrs belO\v. The annexed
sketch illustrates the relative position of the igneous and aqueous rocks.
Fig. 23.
A

B
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Banda~and

stone.

stone.

So long as the workings were confined to the belt -of trap, the v.ein was
productive-yielding stamp-work and II)asses, the largest of which
weighed 12 tons. On striking the s:::tndstone,, however, it was observed tochange in its mineral contents and richness. "J:'he shaft E, has been extended through the sandstone into the belt of trap below, and the fissure
appeared to be continuous through the different formations; but at the
depth of 6 feet in the sandstone, the vein had contracted to four inches.
Shortly after the intersection it was observed to branch-one branch dipping rapidly to the west, and the other to the east. The shaft was continued perpendicularly through the sandstone, thus losing sight of both
branches. On reaching 1he lower belt of trap, a drift was extended to
the right and left, to the distance of 18 feet, without· intersecting either
branch. In this stage the workings were suspended. It is desirable.
to have these workings continued still fu.r~her 2 as they will -soLve one of
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the most interesting problems in the mineral region -i. e., the changes
which veins undergo in their passage through different mineral planes.
The company are now developing a vein between se~tious 11 and 12,
known as the Childs vein .. Its geological position is the same in reference to the sandstone as the one before described. It bears east of south,
and dips westerly. A few feet to the west, another vein can be traced
along the surface, in which may be seen pits which were sunk by the
ancient miners. An adit has been commenced, which will be extended
256 feet, when it will intersect the shaft on the Childs vein at the depth
of 64 feet, and in its progress develop the other vein.
The belt of trap is much wider at this point than at the abandoned
mine. In sinking the shaft, some masses of copper were found weighing
from thirty to fifty pounds; but the disseminated copper was inconsiderable.
Near the centre of section 12 is another vein, on which a shaft has been
sunk to the depth of thirty-seven feet, without having developed much
copper. The vein is about a foot in width, the gangue of which consists
of calcareous spar, with traces of chlorite. The shaft is in the upper
portion of the trap belt which underlies the sandstone at the old works,
and takes into its composition a large proportion of chlorite.
Thirty rods to the south-southwest is another vein of much greater
promise. 'rhe course is nearly north and south, and the matrix consists
of preanite, highly charged with particles of copper.
The total product of this mine up to the present time is as follows:
90,959 lbs.
Copper masses and barrel-work, averaging 70 per cent.
497,500 "
Stamp- work, averaging 10 per cent.
Total
588, 459 "
Tlze Northwestern mine is situated in the same trap belt as the N hwest-the same stratum of conglomerate showing itself near the brow of
the hill. It is in section 24, township 58 north, range 58 west. The vein
crosses the formation, bearing northerly. Two trial shafts have been snnk
to the depth of twenty .four and thirty-six feet respectively, which yielded.
copper, in masses and disseminated, in considerahle abundance. 'rhe indications are that this is a vein of much power, and the company in
possession ought to test it thoroughly.
Plu:nni:v, formerly Lake Superior, mine oceurs in the bed of Eagle
river, about a mile above its embouchure. This tract was among the
first located in this Iegion, and ihis company among the first to embark
in mining adventures. In the early days of copper-mining, this lode was
represented as possessing unparalleled richness-the silver far exceeding
the copper in value; and these representations contributed powerfully
towards the creation and maintenauce of the copper mania which prevailed
for a time throughout the eastern cities. 'rhe most extravagant expectation~ were formed, and the most exaggerated statements* made, as to
tbe mineral wealth of the country. Many were doomed to a speedy and
bitter disappointment; but the ultimate effects have been to divert capital
into a new and untried channel, and develop the mineral wealth of a
~The

first report of the trustees contains a statem<'nt of the re:mlt of an a;;say as follows:

In a ton of rockSilver, 152.56 pound~, valued at
Copper, 203.57 pounds, valued at

-

$3,053 20
83 57

$3,136 77

...
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region which, but for these representations, might have remained for a
long time unexplored.
This vein, as before remarked, is situated about a mile from the lake
shore; and between these two points there are no les;s than seventeen
alternations of trap and conglomerate. From the fact that' veins exhibit
great disturbance and great variableness in their metallic contents in
their passage through different belts of rock, it is evident that the best
mining-ground lies south of these alternations. In that direction, however, it is circumscribed by a belt of hard, crystalline greenstone, in
which the veins are seldom well de~eloped.
,
The lode is seen in the bed of the stream about a thousand feet above
the main shaft, where , it is distinctly marked. The matrtx consists of
calc-spar, prehnite, and radiated quartz, containingnative copper in strings
and disseminated . It is from o~e to two feet in width, and bears north
17° east, with a slight dip to the ea'st._ Thence it is to be traced down
the stream, occasionally concealed by loose ro·cks and graveL In the
winter of 1844, a trial shaft was commence.9. at this point, on the left bank
of the stream. This, however, had been proseeuted only to the depth of ·
twenty feet, when it was, under tbe direction of the mining engineer,
abandoned, and another shaft commenced further down the stream. Here
there was no appearance of a vein; no gangue distinct fi·om the wall-rock;
no powerful fissure to indicate the dislocg1tion oi the mass; no polished
surfaces on the face of the cliff. The true position of the vein was sever~l
feet to the east, in the bed of the stream; but it was not apparent, from the
accumulation of water- worn materials. The shaft was sunk through a
dark- brown amygdaloid, with little adhesion between the particl es-th~
amygdules being filled in places w,ith native copper< exhibiting occasional
points of silver. This peculiarity could be traced for a distance of eleven
feet from the stream, becoming less apparent as it receded from the bank.
On the immf)diate .bank, however, the rock bwas less amygd:;tloidal, and
took in a larger proportion of chlorite. 'rhe c ange in .the locatio-n of the
shaft was injudicious·in two respects: 1. The old shaft was on the vein,
and, had it been prosecuted, would have proved it, while the new shaft
was not on the vein, but to the west .Df it. -2. It was located. so near the
river bank, that the water percolating thropgh the .fissures proveq a constant source of annoyance, in the progress of the work.
In his report to the company, the miHing engineerrepresents the vein as
eleven feet in width-a vein of greater power than any three thus far
discovered in this region-:-eigl:'teen hundred feet in length, as far as known,
and containing an amount of ore, already expos~d, which could not be
exhausted within tbc present generation."*' Its richness was unparalleled.
As the shaft was continu_ed 'dow,nward, the indications of copper became
less apparent, until fin;:tlly the_y disappeared altogether, and nothing was
brought np but barren rock.
At the depth of 60 feet, if we mistake not, the miners carl)e to a pncketin the
rock fill ed with gravel and wa~er- wor_n accumulations. 'rhey then drifted
* We qu ote fr um the report: "The whole known length of the vein is abou t eig hteen h1,mdred
feet. Its w idth is sati sfn ct o·ri 'Y proved to be ele oen.fi"tl for _the distance of tioo hundrtd fe et ; an d it is
proba ble that JL will h old a worka hl ~ wid th throughout the ei;!,hteen hundred fee-t. ft is obvwus
that there is an adequate quantity of rich nre in this vern to render the work very .profita iJ Je, and
that there is no danger of e x h;;u s tin~ the ore, even should it 15ive out at the depth of om hundred
feet, of which there is no p ro ba bility. * * *' If t i, e ore runs ouL at a fOD «ideral>le depth, say
two huodrea feet, it will be a matter of little importance to the present generation, though it might
be to posterity."
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under the bed of the stream in pursuit of the vein, but were unsuccessful.
In removing the water-worn materials, they found numerous boulders of
copper, varying in weight from half an ounce to 600 pounds-so I~hmer
ous, indeed, that portions of the gravel were profitably washed for the
metallic contents. In this connexion was also found a mass of native
silver weighing eight pounds-the largest yet discovered in this region.
The main shaft was carried to the depth of 75 feet, when the workings
were suspended; nor have they since been resumed.
That there is a vein of great richness on that location, and in the vicinity of the present workings, is evidenced by the numerous water -worn
masses of copper found in the bed of the stream. rrhey have not come
from far. As the matrix of the vein is more yielding than the associated
reeks, it frequently prescribes the direction of a stream and forms its bed.
rrhat will probably be found the case here. The pocket before described was excavated by the agency of the stream in the gangue of the
vein.
The west vein on this location, known as Sheffield & Nott's, is
about ll inches in width, and bears north 19° west. The veinstone consists of chlorite and calc-spar, traversing greenstone, resting on a porous
amygdaloi~d. A .trial shaft has been sunk, which afforded indications of
considerable value.
Lac la Belle mine-Bohemian mine.-The workings of these companies have. been pros0cuted on the same vein - those of the former in
the base of the Bohemian m nun~ain, those of the latter on its summit.
This mountain rises to the height of 864 feet above Lac' Ia Belle, and
from its summit is afforded a view of great extent and beauty. The rock
consists of chlorite and feldspar of a highly crystalline texture, and appears to be of an age posterior to the bedded trap in which the mines before described are situated, since these beds are found d\pping from it
]ike the strata of detrital rocks. It was protrud~d in vast irregular masses,
forming a continuous line of elevation. The metallic· contents of this
rock are entirely distinct front those of the bedded trap." -While the latter
is characterized by veins of nattve copper, the former abounds in the
sulphurets of copper, such as tl~e gray and black sulphuret and copperpyrites.
'I\vo sets of veins hav~ been observed-one 'bearing north 26~ 0 west,
whieh appear to be the main ones, and another bearing north 80° east.
The gangue consists of calc-spal, ch,lorite, and quartz. 'I\vo shafts have
been sunk near tl;je summit of the hill-one to the depth of 106 feet, the
other to the depth of 75 feet-without developing a rich vein.
The Lac la Belle Oompany extended a dnft into the hill, 309 feet
above the lake -level, to the dismnce of nearly 400 feet. They found the
vein 18 inches in width, anJ rich in the sulphurets . . Their main efforts,
however, have been coucentra~ed on an adit which starts 25 feet above
tkte level of the lake, and has been driven 900 feet. As they have probably left the main vein in the prosecution of the work, its value cannot
be determined at this depth without a cross-cut.
No place on Lake Superior affords greater facilities for mining; and the
efforts of the company deserve to be crowned with success.
Quincy mine is situated near Portage lake, on section 26, township 55,
range 34. The sur lace of the country rises somewhat abruptly from the
water, not in broken cliffs, but rounded hills. The elevatwn of this
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mine is, by estimation: 400 feet. The rock is a dark-brown trap, com-:
posed of hornblende, feldspar, and chlorite. The vein bears north 43c
east, and dips rapidly to the north, corresponding with the course of the
formation -the only instance of the kind observed on Keweenaw Point.
A string or branch was observed in a ravine near by, bearing north 45°
west, which yielded native copper in sheets of considerable size. T i1is
mine, at the time of our visit, had not been sufficiently developed to enable us to form an opinion as to its value.
Forsyth miue occurs in the southeast quarter of section 33, township
57, range 32. 'rhe vein, which bears north 9!0 west, is distinctly seen
cutting a hill, which rises a hundred feet above the surrounding plain.
Two years ago, a shaft was sunk to the depth of 70 feet, and two others to·
an inconsiderable depth, since whir.h time the work has been abandoned.
As the water had filled these excavations, it was impossible for us to examine the vein critically. From the veinstone brought to-day, copper in
sheets and dissemiaated was found in considerable abundance. Native
silver was ~lso found in this association to an extent thus far unobserved
in any other mine on Lake Superior. The external indications here are
·favorable; but we are not ad vised whether the company purpose resuming
operations.
Albion mine is situated in the same bluffs as the Cliff and North American, on section 11, township 57, range 32. Th~ eli~, which attains an
elevatiom of nearly 800 feet abov.e the lake, is composed of a hard
crystalline greenstone, passing into a .porphyry, where the crystals of
feldspar are imbedded in a matrix of hornblende. On the western slope,
a thin but well -marked vein, filled with arsenical, pyritous copper, is ob·
served occupying a depression in the soil for a distance of 80 rods. Mr.
Stevens, the agent of the company, informs us that at either end it
branches into. numerous strings and becomes lost.
On the southeast side of the bluff, a shaft has been sunk to the depth
of one hundred feet, striking the amygdaloid at tble depth of 97 feet,
from t{le bottom of which a drift was extended into the hill along the
course of the vein. . The workings have not been prosecuted sufficiently
to determine its value. This vein bears north 46° west. lts matrix
consists of calc-spar and chlorite, with thin 1cales of native copper, and
is about 18 inches in width.
Forest mine.-This mine is situated on the northeast quarter of section
36, township 50, range 40, within the limits of what is known as the
"Cushrr;mn location," ml. the left bank of the Ontormgon river. The
old workings, under the directi9n of Cushman, on the north half of section 36, do not appear to have developP..d veins of rn:uch value. They
have been described in a preceding part of this report.
"The Dutch vein," on the northeast quarter of section 31, has been
explored to the depth of about fifty fee t. Its course is north 70° east,
ranging with the formation; its inclmation, 40° below the horizon. The
veins tone is composed of epidote and quartz, twelve feet in thickness,
with thin plates of copper disseminated through the mass, affording indications of considerable promise.
In the chapter on ancient mining we have described with some minuteness the pits and excavati~:ms found on the southwest quarter of section
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30, and on section 31.

The following sketch may be regarded as an
approximative representation of the
contour of the cliff, and of the position
of the veins on the latter tract. The
inclination of the main lode is 78°.
~~··''~~~---=-~----:::___~~.:::.::i:.:...__:::.:__.:__:_ 'rhe ancient miners had excavated to
the depth of 19 feet., and this has been continued by the adventurers to the
depth of23 feet. The two veins to the south, from their inclination, prob~
ably intersect the main one at points below the 23-foot excavation.
Should the inclination be found to continue cutting the strata or bands in
the same plane, it will present the same phenomena as the main veins in
Cornwall. A seetion of the vein, as it appears in the shaft, is appended.
The wall-roeks are composed of amygdaloid and granular trap, with a large
admixture of chlorite. 'rhe vein, which is about three feet in width, is
Fig. 25 :
composed of the following materials, and arranged in
this order:
;~\ ~ ~\ .~it((,'',,
1. A seam of laumonite an inch in width.
\ ~~~<.·,). \~\:)\;~.;·~~ . 2. Calc~spar, q~artz,_chlorite, and epidote, with copper
, \1\,~, :,,1\1.:~ m bunches and d1ssemmated.
<.1
l 1 ~~·\Y,\ 1\1
3. Carbonate of copper, probably the result of atmos\t~ J:'~S\ I <-~11'1· pheric changes.
~)1 .0~ ~> ~r~ 4. Epidote, chlorite, ~nd ~mygdaloidal trap.
.
\J ~\\~) -~ :'', ~,\(111 . ?· Masses of. copper assocmtetl With spar, quartz, and
Fig. 24.

<'' '
11
s

3

'

~1

\II· epidote .

To the east 9f this shaft another has been eommenced,
at the bottom of ane of the ancient excavations. At this point the vein exhibits very much the same appearance, having the same inclination, and yieldingcopper in considerable abundance . Few veins in the rhineralregion have
been opened which, on the surface, afforded indic,ations of greater promise.
Ohio Tt·ap Rock mine . -The workings atthis point have been described
with some minuteness in a preceding part of this report, and it would be
superfluous to repeat the information there given.
Adventure mine-southwest quarter of section 36, and southeast quarter
of section 35, township 51, range 38, in the Algonquin mountains. A
cliff rises to the height of more than 150 feet above the surrounding
country, and to the south presents a bold mural escarpment, while to the
north it slopes gradually towards the lake. The rock is a hard, crystalline
greenstone, somewhat porphyritic, traversed by occasional strings or
seams, filled in with calc-spar and epidote, associated with native copper. We saw no well-developed vein-nothing to indicate a permanent
supply of metal. A shaft has been sunk on one of these strings to the
depth of 20 feet, near the brow of the cliff.
The Ridge mine -is situated on the southwest quarter of section 35,
township 51, range 38, and is in the same axis of upheaval. Workings
have been prosecuted only to a limited extent. The ground in the vicinity
exhibits numerous pits-the work of a former generation. At one point
a vein is exposed, included within a feldspar and hornblende rock, dipping
to the north, which affords copper in strings and disseminated. This
vein, like most of the veins in the region between Portage lake and the
Ontonagon river, has a bearing and dip corresponding with the adjacent
stratified rocks.
The Aztec Mining Company occupy the northeast quarter of section
36, township 51, range 38, and the northwest quarter of sectioB. 31, and
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the southwest quarter of section 30, township 51, range 37. The point
where mining operations have been commenced is on the northeast quarter
of section 31. A vein is seen 11ear the brow of a diff, bearing westsouthwest, and dipping to the north at an angh~ of 46°. It has not been
sufficiently opened to enable one to form an opinion of its value.
The Douglass HouJ?hton mine is on the northeast quarter of section 15,
township fi1, range 37. Two years ago the vein was opened. to the depth
of 40 feet, when further operations were abandoned, but the work has been
resumed, under the direction of Mr. C. C. Douglass, one of the most
efficient mining engineers in the region. The vein, which traverses a compact chlorite trap, is about thre.o feet in width, running nearly north and
south, conforming to the general direction of the ridge at this place, and
dipping west 60°. They have driven a level about 25 feet along its course,
and a considerable quantity of copper has been obtained. 'rhe veinstone removed was rich in disseminated and string copper, and will yield
from 8 to 12 per cent. of metal. Quartz, much of whkh is colored red
with the sub-oxide of copper, forms the principal portion of the matrix,
which is traversed by numerous seams of chlorite. The vein is well
defined, and affords indications of proving highly valuable.
The Algonquin mine is on section 36, township 52, range 37. It has
been temporarily abandoned for the last two years, and no work worthy of
description has been done here. All of the information in bur possession
will be found under the head .o f "Geology of the trap region."
The Pittsburg and Isle Royale Company are· developing a vein on the
northwest quarter of section 12, townsh1p 65, range 36, near Todd's
Harbor, Isle Royale. The following diagram will represent the present
condition of the work:
Fig. 26 .
The vein traverses a hard,
crystalline greenstone, bearing N. 20° E., with an under.~:?~~~
lie of 12° to the east. Shaft
@r'Wll
~ No. 1, has been sunk upon it
~~~l
,~,~ to the depth of 63 feet. Shaft
~~-~ ~ ~· ~;w-~"'<,r ,,. ~~&;r,i'ft~
., ' '~K,' ~o. 2, reaches to the depth of
~~~~~(~1~~~~~-~~i_~l~~
, ;~~~~~N 67 feet. Adit No. 1, starts
·;y
, ' - s----, •• -~
from the water's edge, and
intersects the shaft at the distance of 42 feet. The second level connecting the two shafts is 113 feet in length. Near the surface the vein appears
pinched-attaining a width of only a few; inches; but at the extremity of
the 113 foot adit, and 50 feet bela~ the surface, it expands to a width of
18 inches, and presents the following section:
p· 27
l. Sheet of native copper, varying from one-half to one
:1.. ~g.
·
and a half inches in width, and nearly continuous, occu,1\)~
t~- ~\J)h~~~~
pyiug th_e foot- wall.
.
'.1\~ ~ \ 1~ . ,\\\\'~.\
2. Vemstone of calc spar, quartz, prehmte, and lau"'111
-... '!' ~~\~\
monite, with diffused copper.
\\~n~l" ,_ )<I . ~~\\\\\
At the entrance o~ the drift the ~heet copper is observed
~~0\\'f~\\' ~\)\\\\ to occupy the hangmg-wall, but It very soon crosses the
~ »~~~~~\~ ~~~ ' 111 \ :re~n and continues in contact with the foot-wall so far as
\ It IS explored.
This is the nest-developed vein we have observed in the hard rock. At
the entrance of Todd's Harbor a belt of amygdaloid of a reddish-brown
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color is observed dipping under the greenstone at an angle of 45°; and if
the shafts are protracted to a sufficient depth, they will intersect it, when
the vein will probably be found to undergo some modification.
The company have sent to market 4,483 pounds of copper, which yielded
75 per cent. of pure copper. 'fhe mass of the veinstone, however, will not
yield 10 per cent.
The largest mass of native copper taken from this lode weighed about
700 pounds.
The company now employ in and about the mine 26 men, who are
pressing on the work vigorously, and with very fair prospects of success.
Siskawit mine adjoins Rock Harbor, Isle Royale, and occurs on the
southwest quarter of section 13, township 66, range 34. The vein bears
nearly east and west, with an inclination of_75° to the north. For forty
feet in its downward course it cuts a belt of dark, granular trap, composed
of hornblende, chlorite, and feldspar, after which it intersects a belt of
columnar trap. While confined to the granular trap, the vein was well
developed, and yielded considerable copper in masses and stamp-work; but
having entered the columnar trap, it contracted to a mere fissure, the veinstone and metallic contents disappearing. The subjoined sketch represents the workings. Two shafts
Fig. 28.
'have been sunk through the
chlorite trap, intersecting the
columnar trap in one instance
at the depth of 35 feet, and in
the other at 40 feet. West from
~ ~-;:-1 ~.:--J:n __ ~- ..:'."'",,,1(((.
shaft No.2, 1,800 feet, another
1;1 ~)1-1 {'-~Yt·.
L7, -=~IS!:--5l..-;nl~Jt.:il~~ .IF~.= '""' shaft has been commenced .
The veinstone consists of calc-spar, chlorite, and e'pidote, with copper
disseminated in small scales and points; also in ma~ses, the largest of
which observed ,by us weighed 350 pounds.
This company have other tra~ts on the northern side of Isle Royale
which contain vei1~s, but, as they have been only partially explored, we
will not pap_se to describe them.
Ohio and Isle Royale Company.-The operations of the company are
at present -confined to testing a vein on the southeast quarter of sectioa
34, township 66, range 34, about two miles south of Rock Harbor, by the
lake shore. Its course is northeast; its inalination, 68° to the north west.
Thus, although its cour~ is conformable to the axis ef elevation, its inclination cuts across the beds of rock. The vein is thirteen inches in width,
composed of calc-spar, quartz, and epi9-ote, with native copper in thin
sheets adhering to the hanging-wall, and disseminated through the
gangue. An adit has been started near the water-level to intersect a
shaft 25 feet deep, a short distance from the shore. The rock in which
it is excavated is a dark-gray, granular trap. The walls are well defined,
and the character of the rock is favorable. This belt, it was feared, would
not prove sufficiently thick to afford ample room for working the vein.
The veinstone contains from 8 to 12 per cent. of copper, which is sufficiently rich to pay for mining.
.

I
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. A small feeder comes into the vein on the left, about 15 feet from the
entrance to the ad it, at which point it presents the following section:
Fig. 29.
1. Laumonte, 1 inch.
2. Epidote and quartz, with brecciated w all-rock con1 3 2. :t
1~\\\ I j J "~~·~\'&/;
taining copper in bunches and disseminated, 13 inches.
11
·:~.1: ~~ , ·r~3. Fragments of wall-rock, with strings ofc.opper in the
"'~;)(~ '- '-~~W~!I_I· fissure.s, assoc.iated with the laun11onite and epidote, 4
~~ ~ , 1_ ~~\1· feet 3 mches .
.:;JI)~~ (: ,,,(- J(L~} A fe\V rods to the south is seen another vein about
~i\' ~-~ ~~
l\\1 eight indies in width. The matrix consists ofdatho]ite,
'It\<,\
I1~\)(A
•
d wi th n ative c.opper. It is in a roc.lc simi11 1 '''~"''
' " \\II' heav1ly c.harge
,',j)\
lar in c.haracter to that above desc.rihed, resting on which is a h ard, c.rystalline greenstone. 'The vein, in i1s upward course, becomes contracted
to a mere fissure, containing little copper, where it enters the incumbent
greenstone.
The following shafts have been sunk by this company, under the direc.tion of Mr. Douglass:
One on the southeast quarter of section 22, township 66, range 34. At
the depth of 20 feet, they intersec.ted the c.olumnar trap, a c.ontinuation of
the belt described as oc.c.urring at the Siskawit mine. The vein in the
upper belt was three feet wide, but after entering the c.olumnar trap it
1 a ?id ly contracted, and at the depth of 35 feet exhibited a mere seam a
few lines' in width.
On sec.tion 2, township 65, range 34, a shaft was sunk 40 feet; at the
depth of 10 fe.et a belt of sandstone was struc.k, wbic.h continued as far as
the shaft was prosecuted, forming the foot-wall of the vE:in.
On sec.tion 35, in the same township and range, a shaft was sunk to the
depth of 90 feet. The formation dips to the southeast, while the vein inclines to the northwest.
· On sec.tion 10, township 65, range 34, a shaft was sunk to the depth
of 40 feet on a vein of epidote and datholite two feet in width. ·
These shafts, at the time of our visit, were filled with water, and we
were unable to gather exac.t information as to the charac.ter and productiveness of the several veins.
1
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Tabular statement

of tlte mines in
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N arne of mine.

Situation.
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.

~~

Nature of the rock.

Phenomena of the lode.
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----------------Feet. - - - - - - - - - Cliff mine, (Pitts- Town'p 58 north, 393 A belt of amygda- The lode is about 15 mchesburg and Bosrange 32 W.,
loidal trap, capped
wide on the al'erage, bei:ll'ton Company.)
sect. 36, southwith hurd crystalline
ing north 27° west, with an
west quarter.
greenstone, the vein
underlie of l()O to the east.
traversing both diVeinstone druily quartz,
agonally.
It excalc-spar, laumonite, prehpands, and becomes
nite, and chlorite, with nahighly metall1ferous
tive copper disseminated in
in the amygdaloid,
spangles, bolt!:', and sheets.
but barreri & pinchSurfaces often incrusted
ed in the greenstone.
with green carbonate and
red oxide copper. Sheet
copper often fills the entire
vein; one of which weighed
50 tons. Silver associated ;
most abundant near the
junction of the two belts.
position The lode in the wideat part
North American .. Town'p 57, range 415 GeoloJ!ical
similar to the Cliff,
is 7 ft:et; the average width
32, section 2,
both being in the
2~ feet.
The cour~e is
northeast quarsame amygdaloidal
north 580 we~t; underlie
ter.
belt, but the veins
100 to the east. The vt-inare distinct.
stone consists of calc-srar,
laumonite, prehnite, chlorite, apophylltte, and drusy
quartz, with copper (native) similar to the Cliff,
with the exception that the
masses are less abundant.
Minnesota ••.•••• Town'p 50, range 637 Near Ontonagon river. The lode is from !il inches to
Gray amygdaloidal
8 feet wide; average 3~ teet
39, section 15,
between the walls Course
trap, consistmg of
northwest quarhornblende, feldsp'r,
north 500 east; underlie
ter.
and ch iorite. Rock
380 to the north. Native
rather firm and comcopper in large masses and
.
pact, the vein runin spangles and bolts in a
ning with the formaveinstone of calc-spar,
chlorite, and epidote. Siltion.
ver not rare. Fragments
of the waif-rock art: often
'
found included.
This mine is situated There are three veins within
Northwest ....... Town'p 58, range
on thesouth'rnslope
300 vards. East vein, north
30, section 15.
of the axis of Ke16~0 east; average width
weenaw point. The
14 inches. Middle vein,
top of the ridge is
north 190 west; averaee
gr£enstone, resting
width 18 inches.
w ·est
on a beltofconglomvein, north 170 west; avererate 12 feet thick,
age width 12 inchel'l. Unsucceeded by amygderlie of east vt>in, 60 east;
daloid and compact
middle vein, 80 west; wel:lt
trap, which cor,tain
vei11, 120 west. Veinstone
the veins,
quanz,calc-spar, chlorite,&
laumonite, investing native
copper in masses, spangles,
and specks. Native silver
in small quautities.
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the Lake Superior land district.
No. of men.

------I. 260 feet
II. 240 feet
lll. 200 feet

____._-~-

I.
II.
ill.
IV.

v:

,- - - - - - -·- --- --------- - - by 2,528 tons, at
Effected
60p.a. Conhumps, with
tents of veinorse·power,
stone J.UO,OOO
working six
tons::::;l4k p.
per
hours
cent.
day,

275 feet
3bl feet
466 feet
560 feet
578 feet

14~

59

101

6,000

9~

61

24

6,000

3,ooo-

I

t. 215 feet
Il. 230 feet

t. 2:20 feet
II. 225 feet
lJ I. 235 feet

I. 57 feet

l 150 feet
II. 180 feet

Whim,
by
horse-power,
worktng four
hours
per
day.

1,ioo

tons .••••

\

ll.

HI.

57 feet
27 feet

I

Eastvein1. 90 feet
II. 60 feet
Ill. 72 feet
Middle veinI. 50 feet
II. 42 feet
'Vest veinI. 50 fe,t
II. 25 f(·et
III. 43 feet

East vein1. 480 feet
ll. 190 feet

M1ddle vein1. 106 feet
'liVest vein1. 340 feet
.,

Windlass; ad it 57 t. in masses
=60 p. cent.,
interser.ts the
& 700 Slliffi,&lvein 77 feet
work=ll!.
below surface.

12

48

36

Whim, werk- SO ·tons masses
=50 p. cent.;
ed by l1orse;
50(J t. stamppower 6 hrs.
work=8 per
per day.
cent.

12

42

53

10,000
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STATEMENTI

IV

>

0

..0

Name of mine.

Situatior.

~ ~

.~~

Nature of the rock.

Phenomena of the lode.

~-

>

Q;)

~

--------------Feet.---------Copper Falls.... Town'p 58~ ram;e 203 A belt of amygdaloid Lode variable in width, but its
31, section ll,
IW feet thick, in- average may be assumed at
southeast quareluded between a
8 inches. Course nnrth 230
ter.
band of sandstone
west; underlie 130 west.
below and conglomNative copper, with conerate above. The
i!iderable silver, near the
vdn cuts these bands junction of trap and condiagonally.
The
glomerate. One mass of
preductive portion
copper from . this vein
is limited to the
weighed 12 tons. Veinamygdaloid.
stone similar to those be·
fore described, with the
addition of analcime and
mesotype.
Northwestern .... Town'p 58, range 593 Geological positiOn A veraee width of the lode 1
similar to the North3'J, section 24.
inches ; expands in places
west.
to 4 feet. Course north ~30
west; underlie slightly to
the west. Native copper
in sheets, bunches, and disseminated through veinstone of calc-spar, chlorite, &c.
Phrenix, (fO'l'mer- Town'p 58, range 237 Comp . trap and amyg- Most of the workings here
ly Lake Supe31, sections 19
daloid, surmounted
have been prosecuted off
rior.)
and 30.
by a thin belt 6f from the vein, and the bullr
I
conglomerate, with
of the mass raised was from
a hard greenstone
the west wall-rock. It conporphyry
below.
sisted of amygdaloidal trap,
The
amygdaloid
the amygdules being filled
traversed by nuwith native copper. There
merous strings of are indications of a good
prehnite, quartz and
vein here, bearing, problaumonite, containably, north ]70 west; but
ing native copper
the workings did not deand native silver.
velope it.
Lac Ia Belle ••••• Town'p 58, range 309 A hard crystalline Two sets of veins. One bear·
29, section 32,
rock, composed of ing north 26~0 west, with
northeast quarfe!d1"par & chlorite,
an underlie to the east of
ter.
with an imperfect
120; variable in width; avd
chlorite slate at the
erage 18 inches; not been
base, resembling a
sufficiently explored to devolcanic ash.
termine its value. Veinstone calc-spar, with chlo~
rite and quartz, including
gray and yellow sulphuret
of copper, with a trace of
silTer. E. and W. vein 6
inchel! wide. Course north
soo e11st, with an underlie
of 350 to the north. Not
continuous.
Bohemian •••••••• Town'p 58, range 622 This mine is in the Veins a continuation of those
29, secti€ln 29,
same mountain as
last described.
southeast quarLac la Belle mine.
The rock is similar.
ter.
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Continued.
No. of men.

- - - ------- --.-----.- . - - - - - -------- --L 130 feet
II. 42 feet
ill. 145 feet

·L 436 feet

Whim, work-

II. 190 feet
III. lOll feet
IV. 128 feet

ed by horse}i)OWer 4 hrs.
per day.

.............. .......

Temp orarily
suspe nded.

3,000

...... •• do •• •• do ••

3,000

•• do •••• do ••

1,200

l

Acl. 275 feet
'
,

r

.I.

u.

24 feet
3tl feet

I.
H.

.. feet
60 feet

~ II.

.. feet
75 feet

IV.

.

Adit 362 feet ; A.t a depth of
140 feet.
if driven 95(il,
will intersect
vei.n.

• • • • • • • • o • • • • e

Whim, worked by horsepower 6 hrs.
in 24.

'·

i. 31 feet
I l. 41J feet
UI. 36 feet

I. 396 feet
H. 900 feet

By ad:its. No. 100 tons......

II,

20

6

10,000

27 feet

above Lake
Superior; I,

309ft. above.

I. 106 feet
lli.

7.5

fe~

L J2(l feet
II. 20 feet

Whim, wo'l'k- JOO tons ••••••
ed by horsepower.

3

Temporarily
suspended.

2,50Q
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STATEMENTCll

;;..
0

.D

N arne of mil'le.

~

Situation.

a5

o..!<:
·~~

Nfttu:se of the rock.

Phenomena of the lode.

~

>
Cll

~

- - - - - - - - - - -·-· - - - - Feet4 ~· ---------Quincy ••• , ••••. Town''p 55, ral'lge 40f) The vein ranges with The lode beaFs north 43c
east, and dips 580 to norththe formation, being
34, section 26.
west; average width ~in.
between two belts
of trap. The upper
Veinstone calc-spar, chlorite,anrlquartz Nativecopwall brown comper in sheets and diffused
pact trap; the lower
through the veinstone.
amygdaloid a!.
Forsyth ••••••••• Town 'p 57, range 554 The cap ol hill is Lode well defined en surface.
Course north 9~0west. Ungreenstone,
with
32, section 33,
derlie 90 to east. Native
southeast quaramygdaloidal trap
copper in sheets and difat the base.
ter.
fli!Sed, with abundant traces
of silver. Veinstone calc•
spar, chlorite, and epidote •
.Albion •••••••••. 'rown'p 57, range 612 Geological position Lode composed o£ chlorite,
32, section 11.
calc-spar, &c , with thin
similar to that of
the Clitf and N6rth
scales of native copper; 18in. wide. CourseN. 460 W.
American.
Underlie 80to the east.
Forest .......... Town'p 50, range 650 Amygdaloidal &gray Lode quaflz, chlorite, calc39, section 30,
trap, vein running
spar, and epidote, with nasouthwestquarwith the formation,.
tive copper in bunches ancl
disseminated. Course north
ter.
7lJOeast. Dip 700north.
Ohio T:rap Rock. Town'p 49, range 672 Greeustone trap, th~, Veinstone epidote, chlorite,
quartz,
and calc-spar, with
40, sectwn 5,
vein ranging and
native copper disseminated.
southwestquardipping with the
ter.
·
formation.
Course north 52° east. Dip
39° north.
Adventure ........ Town'p 58, range
Hard t:lose-grained Vein pinched and ill-defined,
38, section 35,
bearing south west, and dips
trap-an
unkind
southwest quarrock.
north. Native copper in
ter.
bunches in chlorite, epidote ~ and quartz.
Douglass Ho1>1gh- Town'p 51, range 478 Compact chlorite trap, The lode bean! nbrth and
ton.
37, section J5,
the vein conforming
sonth, with an inclination
north west quarto the general !lirecof 60° to the west Veinter.
stone quartz and chlorite,
tion of the raJlge in
bearing and inclinawith copper disseminated
and in bunches.
tion.
Pittsburg and Isle Town'p 65, range 20 Hard greenstone, with Vein pinched, exranding
Royale.
36, seetion 12,
downwards; 18 inch es in
conchoidal fracture.
north west quarwidth m places. Course
north 20°' east. Dip 78o
west. Native co pper in
I
sheets and gr~> ins, with calcspar, prehtJite, &c.
Siskawit ......... Town'p 66, range 60? Dark compact trap, Vein bears east and west.
34, section 13,
with columnar trap
Underlie 15° to the north.
southwest quarVeinstone epidote, chlorite,
40 feet below surter.
face.
calc-spar. Native copper in
sheets and dissemina ted.
Ohio and Isle Town'p 66, range 25 Dark-gray, granular Vein com posed of epidote,
Royale.
34, section 34,
trap, capped with
calc•·lpar, with native COJ southeast quarper, beanngnortheast. Dip
greenstone.
ter.
68° to northwest.

,
·

I

\.

:
·

'

·
.
'
'
,

.,
'
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eontinued.
Cl)

""
......

No. of men

0

0'"0

....,

Cl)

Ill

§'til
. 0""

8

<

- - - - - - - - - - - - - - - - ------------------I. 67 feet

. • • • • • • • • • • • • . Windlass .•••. 6 tons .•••••..

3

Temporarily
suspe Hded.

3,000

I. 70 feet

.••••••••••••. Windlass .•••. 20 tons ••••••.

6

.. do ..•• do..

3, 000

4

.. do .... do .. 40,000

n.

ill.

36 feet
IG feet

I.

I. 100 feet
II. 40 feet
III. 38 feet
I.

U.

21 feet
13 feet

I. 24 feet

I.

Windlass a.nd 6 tons ••••••..
adit.

.............. Whim ......... NDtfullytested ...... .

I. 108 feet
II. 40 feet

u.

70 feet

IL 60 feet

I 250 feet

Ad it and wind- 75 tons .••••• .
laES.

4

I.

30 feet

Adit .......... 7 tons •••••••.

6

25 .feet

. . • • • • • • • • • • • . 10 tons .•••••.

8

I. 42 feet
II. 113 feet

Windlass .•.•. 50 tons .•••••.

10

10

8

Temp orarily
suspe nded.

2

6,000

10,000

6

10,000

8

6,000

20

6,000

13 feet

fi3 feet

II. 67 foot

4

III. 1.8 feet
'·

'
I. 40 feet
II. 35 feet

115 feet

25 feet

I. 40 feet

Whim.

Windlass .•••• 10 tons .......

9
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We have thus attempted to give, somewhat in detail, a description of
the several mines now wrought in the Lake Superior land district. \Ve
have endeavored to exhibit the principal phenomena of the veins, their
range, extent, and metallic contents.
·
·when it is considered that nearly the entire c-opper region is an unreclaimed wilderness, the miners' settlements appearing like mere dots on
its surface, covered with a dense growth of trees, through which the explorer with difficulty forces a path; and that, except where the streams
have worn their beds in the rock, or the hills terminate in bold and crag·
gy ledges, the ground is covered with a thick carpet of mosses and
lichelils, effectually concealing every trace of veins,-it is surprising that
such an amount of mineral wealth has been revealed within so short a
period. This region had occasionally been traversed by the trapper, ana
the white man had coasted along its rock-bound shores, at intervals, for
nearly two hundred years; but up to the year 1841, whf'n Houghton
made his rec0nnaissance, we have no evidence that a really productive
vein had been observed. To him is to be ascribed the credit of having
first pronounced on the value of this region for mining purposes, and delineated, with a graphic pen, its geological outlines.
It is only about a year since the Minnesota mine, which is surpassed by _
none in the region either in extent or productiveness, was developed.
'rhe same is true, to a great extent, of the North American.
As the country becomes opened, and the means for exploration become
increased, new sources of mineral wealth will undoubtedly be revealed.
There will be an increase in the products of these mines from year t()
year, until the national supply will exceed the national consumption.
For certain purposes in the arts this copper stands unrivalled; in
density and tenacity it surpasses ail the ores of coppe.F. Hence, in the
manufacture of wire, where extreme ductility is required-in the manufacture of ordnance, where tenacity is the chief requisite-this copper
should be employed. It would be proper for the government, in contracting for ordnance, with the double view of encouraging ·this branch
of industry and securing an article made of the best material, to insert a
stipulation that th~y be cast from this copper. 1,he same encouragement
might be given in sheathing the national ships.
This copper contains a small per centage of silver-too inconsiderable
in most cases to justify separation, but the presence of which enhances
the value of the copper, protecting it, in a considerable deg1·ee, from the
corrosive action of salt water. These qualities, when known, will give
it a preference in markf\t over copper reduced from the ores.
We have estimated the product of the copper mines for the yea:r 1849:
at 1,200 tons. For the ensuing year it may be safely rated at 2,00()
tons; and a proportionate increase may be anticipated for several years to
come.
How far the product of these mines will go towards supplying the
home demand may be inferred from the following table, which exhibits
pretty accurately (at least as much so as any statistics which are availa·
blc) the extent of that demand~
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Statement, furnished by the Register ~~the Treasury, e:~:hibiting the value
of copper unmanufactured annually imported dur,i ng the ten years
. ending June 30, 1849.
Years.

In pigs, bars, In plates suited Old copper fit
to sheathing. · only for re&c.
manufacture.

Ore.

Total value.

- - - - - - - - - -· - - - - - - 1840 .•••••.•.•.••.
1841 •...••.•.•••..
1842 .••.••...••••.
1843 ...••••••••••.
1844 .•. . ••.•..•...
1845 ..•.••••..••. .
1846 •....••••••••.
1847 ..•.••••.•••..
1848 ....••.•••••..
1849 ..••.••••••••.

$1,100,664
1,054,469
~21 ,109
369,076
488,981
1,095,23{)
1,038,461
1, 491,209
702,907
988,683

$411,567
535,473
381,197
244,050
688,610
738,9 :J 6
840,815
1,043,572
831,848
1,044,755

$70,405
9 L,869
82,195
47 ,641
79,805
81,264
114,833
~

*
*

..........
..........
..........
$64,148
So, 485
48,807
98,156

..........
158,302
177,736

$1,582,636
. 1,681,811
J ,284,501
724,915
1,313,881
1,964,237
2,092,245
2,534,781
1,693,057
2, 211, 174

By this statement it will be seen that the average value of copper animported into the United States slightly exceeds $1,708,000. Assuming the price of pig copper to be 18 cents per pound, and sheathings to
be 22 cents, the annual consumption would be less than 5,000 tons. The
product of the Lake Superior mines for the year .1851 will probably reach
one-half of this amount, or 2,500 tons. There is a limit to the productiveness of all mines; . for, when once fairly opened, their exploitation becomes more expensive the farther it is prosecuted. That limit has not
been attained by any of the mines of Lake Superior.
We have endeavored in the subsequent pages of this chapter to bring
together a mass of statistical information with regard to the products of
mines in different countries, which may be useful for reference to those
engaged in public pursuits, as well as the general reader.
nuall~

• Old copper included with copper in pigs •

•
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The following table of the metals annually raised in Great Britain and
Ireland is taken from De la Beebe's Survey of Cornwall, (1836,) but is
probably too low for the prestnt time:
.Jt8,000,000
Iron
1,200,000
Copper 920,000
l.ead
390,000
Tin
50,000
Manganese
30,01JO
Silver 7,000
Zinc

.ftl0,597,000

=============

M. Verlet (Gen. and Stat. Rev., 1837) furnishes the following comparative statement of the yield of the different mines of Europe, taking Great
Britain for a unity:
Great Britain
1
Russia and Poland
t
France
i
Austria
-1~
Spain
j
Prussia
~
Sweden -l 9
H~

~

Tuscanyir
Bavaria lr.r
Saxony ·5\ Piedmont and Savoy
-r}-8
Denmark..;-g
Norway -lr
It will thus be seen how largely the mining interest of Great Britain
preponderateR over that of any other nation of Europe.* Russia, the
principal seat of whose mining operations is in the Oral mountains, ranks
next in the scale. The productiveness of these mines is yearly increasing, and the relative preponderance of Great Britain is yearly diminishing.
France, whose mines are conducted with the most consummate skill,
occupies the next place on the list.
Our own country abounds in mineral wealth. Our coal-fields, occupying portions of fourteen States, comprehend an area of 130,000 square
miles. Associated with them are extensive beds of iron, rivalling in
richness those of Shropshire and Walef'. Numerous furnaces and foundries
have already sprung up along the lines of their out crop, giving employment to a large number of operatives. The high price of labor and the
remoteness of the beds from the seaboard have operated to depress this
branch of business, which employs a capital of more thail $20,0UO,UOO.
The Silurian limestones of the West, while they support a soil of great
fertility, yield an amount of lead beyond the national consumption.
•The number of persons directly dependent on mming lperations in Great Britain is estimated
at 1,000,000: 193,000 are actually empl@yed in the mines.

Doc. No.6!}.
The value of the copper mines and their influence on the national wealth,
we have attempted to set forth.
The richness and extent of the gold tracts of California surpass all
of our previous knowledge of this class of deposites, and seem fabulous
rather than real. It is to this region, also, that we can confidently look
for a supply of quicksilver.
The zinc ores of New Jersey are beginning to be advantageously wrought.
It is extremely difficult to obtain a correct statement of the mining interest of the United States, as there is no statistical bureau to which those
interested in this branch of industry are required to make returns. The
census returns hitherto have been very imperfect. The following table
can be regarded only as an approximation to the value of metals annually
raised in the United States:
- $40,000,000
Gold
16,500,000
Iron
2,400,000
Lead
750,000
Copper 500, 000?
Mercury*

$60,150,000
The mining interest of this country is in its infancy. If the products
of the California mines are as great as has been represel'l.ted by those
who have had the best opportunities for acquiring information, the United
States at the present time is the most prolific in metallic wealth of any of
the nations of the earth. The great chain of the Andes is protracted beyond
the northern limits of Oregon, though on a scale less magnificent than in
South America. It is composed essentially of the same rocks; and we
may therefore confidently expect to find a recurrence of the same mineral
products \Yhich characterize it in Peru and Chili. Thus far, in regard to
its mineral wealth, it may be regarded as comparatively unexplored.
To show the products of the mines in different ct:mntries, we have
prepared the annexed table, from the most authentic sources within our
reach. With regard to the South American mines, our materials are very
deficient. 'rhe unstable character of the governments, the imperfection
of the custom-house returns, and the amount of precious metals annually
smuggled out of those countries, all render these statistics little better
than estimates. The mineral produce of China is undoubtedly great; but
it is all consumed within her own borders, and has, therefore, no effect
upon the market. 'rhe same remark is applicable to other Asiatic countries.
-It is said that the quicksilver mines of California are now yielding a profit of ;t;3,000 daily;
but we apprehend that this statement must be rt:ccived with many grams of allowance.
·

Table slwwing the product of mines throughout the world, so Jar as known.
Gold.

Countries.

Silver.

Mercury.

Tin.

Copper.

Zinc.

Lead.

""""'

~
~

Forged iwn.

I

Pig iron.

-----'------1- - - - · - - - - · - - - - · - - - - · - - - - · - - - - · · - - - Pounds-Troy.

Pounds.

Cwt.

Tons.

Tons.

Tons.

Tons.

Tons.

- - - - - - - - - - - - - - - - - - - - - - - - - -l- - - - - - l - - - - - - 1 - - - - - - l - - - - - - l - - - - - - 1 - - - - - - 1--·- - - Great Britain............... . • • • • . . • • . . .
16,000 . .. .. .. • . • . .
88,600
14,000
2, 500
56,000
2, 200, 000
Russian Emphe.............
70,000
43,000 .. .. . .. • .. . . .. .. • • .. . . ..
4, 100
3,000
2, 450
102,000
180,000
5, UOO .. • . • • . .. • • . • • • .. • . . . . ..
100 • • • • . • • . . . . .
450
303, 700
416,200
France .••••.....•.••.••••.•.•••• , • • • . . •
Prussia and Customs Union..
100
94,000 ••••...•••..
6,900
1,500
18,000
9,350
75,@00
110,000
Austrian Empire....... . ....
3, 40@
215,000
661,500
1, 200
4, 500
500
3, 500
150, 000
Belgium..... . . . . . . ... • • • • . • • • •• . • • . • . . • • • •. . . . . . .. . . . . .... • • • . . • . •• • . .• • • • .. • • • • . .. . ..
7, 500
5, 000
90, 000
Sweden and Norway.........
15
25, .000 .. . .. .. . .. .. .. • .. .. .. • ..
1, 500 • • ... • • .. .. •
60
87,000
115,000
Denmark. • • • • . • • . • . • • . . . . . . • • • • • • • • • . . • • • • • . . • • . . . • • • • . • . . • . . . . • • • • . • • . . . . . • • • • • . . . . . . • • • • • . • • • • . . . • • • • • . • • . . •
6, 400
Spain. . . • .. . . . .. . .. .. .. • • .. . .. . • . . .. .. .
50,000
2, 240, 000
2, 000
1, 000
200
31, 000
220, 000
180, 000
Sardinia.................... .. .. . . . • . . ..
750 . • . .. • . . .. . . • • .. • . • .. . .. . • • • • . • .. . .. . . • • • • • • • . ..
200
9, 000
Tuscany and Elba.. . . .• • • • • . . . . • • . . . . • . . . . • • • • • . • • • .
20, 000 . . . • • . • • . . .
400 . • . • • • . • • • • • . . . • • • • • . . . .
10, 000
Turkey ........•..•..........•.•••........ " •... ·. • . • • • • • . . . . . . . . . . • • • . • . • • • .
2, 000 • • • • . . • • • • • . . • . • . • . . • . . . . . • • . • . • . . . . . . . • • • • • • • • •
United States...............
10Q, 000 .. .. .. . . .. ..
160,000 .. .. .. • • .. . ~
2,000 . .. • • .. .. • ..
26,000
500, 000
Cuba . • . • . . . . • • . • . . . .. • • • • • • • • . • . . . . . . . . . . . • . . . . . • • . • . . . . • . . . . . . . . • • . . . . • . .
6, 000 • • . • • • . . . . . . . . • • • . . • • . . . . • • • • . • • • • . . • • . . • . • • • • . •
Mex!co • • • • • . • • . • . . • • . • • . • .
10, OOQ
1, 400, 000 . . • . • • . • • • . . . . . . . • • . • • . . • • • • . . • . . . . . . . • • . • • • • . . • • • • • • • • • • • . . . . • . • . . . . . . . • . • . . • • • • • •
Brazil. • . . . • . • • . . • . • • • . • • • . .
13, 800 . • . • . . . . . . . . . • . . • . . . . . . . . . . • • . . . • • . . . • • • • • • • . • • . • . • . . • • . . • . . . . . . • • . • • • . • • • . . • . . . . • . . .•••.•••.••
Peru. . . . . . . . . • . . . . • • . • • • . . .
3, 000
370, 000
50, 000 . . . . • . • • • . . .
500 . . • • • • • • . . . . . • • . . . • • • • . . . . • . . . • • . . . . . . • . • . • • . • •
Buenos Ayres..............
1,500
3:?5, 000 .................................................................................. ..
Chili.......................
7, 000
215,000 . .. • . .. . . .. . . . • .. • . . . • ..
5, 000 ............................................... .
Columbia................... .. . • • .. . .. .
800 . . .. . • . . . . .. .. • .. .. .. . .. . • • .. .. . ..
. .............................................. .
Australia................... . . . . . . . . . . . . . . . . . . • • • . . . . . . . . . . . . . . . . . . . . . . . . . . .
2, 000 .•..••..... . ....••••••.....•..•...•...........••
Banca, Malacca, &c.. • • • • • • . . . • • • . . . • • . • • . • • • • • • • . . . . • • • • • • • • • • • .
100, 000 . • • • . • . . . . • . • . • • • • . • • • . . . • • • • • . • . • . . . . • • • • . • . . . . . .•.•. , •••••
JApan...................... . . . • • • . • • . • . . • . . • • • •• • . . . . . • . . . • • . . . • . • • • . . . • . • .
2, 400 ..•.....•....•..••.•.•.....•••....•...••...••..•

~
1.,.1

0

~

~
0
•

0':1

~
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According to the estimates of M. Leplay, secretary of the Commission
of Mining Statistics in France, the whole amount of copper produced in
the world is equal to 52,400 tons. This, however, does not include
portions of the Asiatic continent-with regard to which we have no statistical knowledge, but of which the mineral produce is entirely consumed
within its own borders. Ac.cording to the same authority, this amount
of copper is consumed in the following manner:
Tons.

Great Britain
France
German Customs Union
Austrian Empire
Russian Empire
Sweden and Norway
Other States of Europe
America [United States 5,000]
Asiatic continent (India and Oceanica)
Japan
Total -

10,600
9,200
5,40!1
2,fi00
2,000
400
6,600
6,100
8,300
1,200
52,400

------
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CHAPTER V.
ANCIENT MINING.

Evidence of ancient m,ining, ea-·cavations, ·i mplements.-High antiquity
to be ascribed to them.- Whether they can be traced to tlte moundb'ltilders.-Ancient wor!cs at the Minnesota mines.-At the Forest
mine.-Nature of the materials found in the pits.-Bones.-Evidences
of twrnuli.-Extent of these 1/Jor!cings in the Ontona:;ron r-e,g ion.- On
Keweenaw Point.-On Isle Royale. --May they not be traced to the
aborigines ?

,

That this region was resorted to by a barbaric race for the purpose of
procuring copper, long before it became known to the white man, is
evident from numerous memorials scattered throughout its entire extent.
"Vhether these ancient miners belonged to the race who built the mounds
found so abundantly on the Upper Mississippi and its affiuents, or were
the progenitors of the Indians now inhabiting the country, is a matter of
conjecture.
"\'Vhen all of the facts shall have been collected, the question may he
satisfactorily determined. The evidence of the early mining consists in
the existence of numerous excavations in the solid rock;' of heaps of rubble
and earth along the eourses of the veins; of the remains of copper utensils
fashioned into the form of knives and chisels ; of stone hammers, some
of which are of immense size and weight; of wooden bowls for bailing
water fwm the mines; and numerous levers of wood used in raising the
mass copper to the surface.
The high antiquity of this rude mining is inferred from the fact that the
existing race of Indians have no tradition, by what people or at what
period it was done. The places, even, were unknown to the oldest ot the
band until pointed out by the white man. It is inferred from the character of
the trees growing upon the piles of rubbish-between which and thos~
forming the surrounding forest no perceptible difference can be deteetedfrom the mouldering state of the wooden billets and levers, and from the nature of the materials with which these excavations are filled, consisting of
fine clay, enveloping half-decayed leaves, and the bones of the bear, the
deer, and the caribou. This filling up resulted, not from the action of
temporary &treamlets, but from the slow accumulations of years.
Traces of t.umuli, constructed in the form of mathematical figures, have
been observed, but not sufficiently explored to determine absolutely
whether they be the work of art, aud, if so, for what purposes they were
intended.
It is well known that copper rings, designed for bracelets, are frequently
met with in the western mounds. ~Ve have several of these relics in our
possession. There is no evidence that the race by whom those structures
were built possessed sufficient knowledge of the metallurgic art to reduce
and purify the ores of copper. Admitting that they did, should we not naturally refer to this region, instead of seeking a more remote one, as the
source from which these materials were derived? Are not these copper
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rings a strong link in the chain of evidence to connect the ancient mining
of this region with the earth-works of the Mississippi valley?
We will now proc.eed to the details of the discoveries thus far made.
The most extended excavations are found in the vicinity of the Ontonagon
river; and to Mr. Samuel 0. Knapp, the intelligent agent of the Minnesota
Company, belongs the credit of having first laid before the public an account of their nature and extent.
In the winter of 1847-'48, while passing over a portion of the locatiOn now occupied by the Minnesota Mining Company, he observed a
continuous depression in the soil, which he rightly conjectured was caused
by the disentegration of a vein. There was a bed of snow on the ground
three feet in depth, b>ut it had been so little disturbed by the wind that it
conformed to the inequalities of the surface. Following up these indications along the southern escarpment of the hill, where the company's
works are now erected, he came to a longitudinal cavern, into which he
crept, after having dispossessed several porcupines which had selected it
as a place of hybernation. He saw numerous evidences to convince him
that this was an artificial excavation, and at a subsequent day, with the
assistance of two or three men, proceeded to explore it. In clearing out
the rubbish they found numerous stone hammers, showing plainly that
they were the mining implements of a rude race. At the bottom of the excavation they found a vein with ragged projections of copper, which the ancient miners had not detached. This point is east of the present works.
The following spring he explored some of the excavations to the west,
where one of the shafts of the mine is now sunk. The depression was
twenty-six feet deep, filled with clay and a matted mass of mouldering
vegetable matter. When he had penetrated to the depth of eighteen
feet, he came to a mass of native copper ten feet long, three feet wide, and
nearly two feet thick, and weighing over six tons. On digging around it
the mass was found to rest on billets of oak, supported by sleepers of the
same material. 'rhis wood, specimens of which we have preserved, by
its long exposure to moisture, is dark -colored, and has lost all of its consistency. A knife-blade may be thrust into it as easily as into a peat bog.
The earth was so packed around the copper as to give it a firm support.
The ancient miners had evidently raised it about five feet and then abandoned the work as too laborious. They had taken off every projecting
point which was accessible, so that the exposed surface was smooth. Below this the vein was subsequently found filled with a sheet of copper five
feet thick, and of an undetermined extent vertkally and longitudinally.
The position of the copper block, and the extent of the exploitations
along a portion of the lode, may be seen by reference to the plan of the
Minnesota mine, on page 133. The vein was wrought in the form of an
open trench; and where the copper was the most abundant, there the excavations extended the deepest. The trench is generally filled to within
a foot of the surface, with the wash from the surrounding surface intermingled with leaves nearly decayed. The rubbish taken from the mine
is piled up in mounds, which can readily be distinguished from the
former contour of the ground.
-
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rods to the west is another specimen of ancient mining,, where
Fig. 30.

they have left a portion of the veinstone standing, in the form of a pillar,
iu order to support the hanging-wall. The rubbish in this excavation
has not been cleared away, so that its extent is unknown.
These evidences are observed on this location for a distance of two and
a half miles. Upon a mound of eartk we saw a pine stump, broken fifteen
feet from the ground, ten feet in circumference, which must have grown,
flourished, and died since the earth in which it had taken root was
thrown out. Mr. Knapp counted three hundred and ninety-five annular
rings on a hemlock, growing under similar circumstances, whch he felled
near one of his shafts. 'rhus it would appear that these exploitations
were made before Uolumbus started on his voyage of discovery.
The amount of ancient hammers found in this vicinity exceeded ten
cart-loads, and Mr. K., with little reverence for the past, employed a portion of them in walling up a spring. They are made of greenstone or
porphyry pebbles, with a groove, single or double, cut around, by which
a withe was attached. The following is a sketch of one of the larger
.
class, the dimensions of which were 12 X 521 X 4 inches,
F1g. 31.
and the weight 39! pounds. The smaller class,
weighing five or six pounds, were probably wielded in
one hand. The annexed sketch will convey an idea of
their form.
In addition to these relics, a copper gad, with the head
much battered, and a copper chisel, with a socket for
the reception of a handle, were brought to light. It
contained the fragment of a wooden handle, when discovered, which crumbled very soon after being exposed.
The timber in the excavation before described showed the
·marks of an axe, the bit of which must have been about
two inches in width.
Mr. Wm. H. Stevens, the agent of the Forest mine,
has discovered other workings on the southwest quarter
of section 30, township 50, range 3~, almost of equal
extent and interest. They occur on the southern slope
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()fa hill, and consist of a series of pits, some of which, on bei11g opened,
are found to be fourteen feet deep. They are arranged in four lines, following the courses of four veins or feeders.
In cleaning out one of these pits, at the depth of ten feet the workmen
~ame across a fragment of a woGden bowl, which, fi·om the splintry pieces
of rock and graYel imbedded in its rim, must have been employed in
bailing water.
Remnants of charcoal were found, not only there, but at numerous
places, lying on the surface of the rock. Some have supposed that fires
were kindled for the purpose of melting the copper, but the more reasonable supposition is that heat was mployed to destroy the cohesion between
the copper and the rock. Before the introduction of gunpowder, fire was
the great agent in excavating rock; and even now, in the Harz and at Altenberg, two of the old mining districts of Europe, this agent is employed
to break down rocks of extreme hardness. It is quite as economical
where fuel abounds as gunpowder in destroying silicious rocks.
We can hardly conceive it possible for them to have mad~ such exteL·
sive excavations with such implements simply as they have left behinc.,
without availing themselves of the aid of fire.
In one of these pits-south west quarter of section 35, township 51,
range 38-were found the bones of a deer, in a pretty good state of preservation. Fragments of the cranium, humerus, and of one horn (which,
to use the language of sportsmen, was in the "velvet" at the time of the
destruction of the animal) were taken out. The smaller bones had
mouldered away. '"rhey reposed on clay, a foot above the surface of the
pit, and were covered with accumulations of clay, leaves, gravel, and
sand to the depth of nineteen feet. It would appear that the animal
either fell into the pit or ventured in to procure water, and, unable to extricate himself, perished.
These pits, filled as they were with water, would not become the dens
of carniverous animals, and to no agency of theirs are we to attribute the
position of these bones.
In the northeast quarter of section 16, to·wnship 50, range 39, near a
small stream, there is a mound which has the appearance of
Fig. 32.
having been the work of art. Mr. Hill, from whose notes
much of the above information has been. derived, states that
from the want of tools he was unable to penetrate it, to determine whether it was stratified or not. It is about ten
feet high, in the form of a square, the sides of which are
fifteen feet in length, fiat on the top, and slope regularly to
the base.
There is another tumulus on the right bank of the Ontonagon river,
six miles above its mouth, forty feet high, and nearly circular, which has
been supposed te be artificial, but has not been explored with a view te
determine the point.
From the northeast quarter of section 31, township 51, range 37, to
section 5, township 49, range 40, a distance of nearly thirty miles, there
is almost a continuous line of ancient pits along the middle range of trap,
though they are not exclusively confined to it.
Upon Keweenaw Point they have been found extending from Eagle
river eastward to range 28, a distance of twelve miles, along the base of
the trap range. A great number of hammers were discovered on the
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present site of the Northwest Company's works, which first led the ex ...
plorers to snspect the existence of a valuable lode of copper. They have
also been found at the Copper Falls mine, and at the Pbmnix, formerly
the Lake Superior, mine. At the latter place a copper knife was discovered, in the early explorations of that tract.
Mr. C. G. Shaw pointed out to us similar evidences of mining on Isle
Royale. They occur on what is known as the Middle Pinger, and can be
traced lengthwise for the distance of a mile. Mr. Shaw remarks that,
on opening one of these pits, which had become filled up with the surrounding earth, he found the mine had been worked through the solid
rock to the depth of nine feet, the walls being perfeetly smoo~h. At the
bottom he found a vein of native copper eighteen inches thick, including
a sheet of pure copper lying agaiast the foot-wall.
The workings appear to have been effected simply by stone hammers
and wedges, specimens of which were found in great abundance at the
bottom of the pits. He found no metallic implements o1 any description,
and is convinced, from the appearance of the wall-rocks, the substances
removed, and the multitude of hammers found, that the labor of excavating the rock must have been performed only with the instruments
above named, with the aid perhaps of re. From the appearance of the
vein and the extent of the workings, he conjectures that an immense
amount of labor had been expended. He endeavored to find some evidences
of the antiquity of these workings, but could discover nothing very satisfactory to his own mind, except that they were made at a remote epoch.
'"rhe vegetable matter had accumulated and fill ed up the entire opening to
a level with the surrounding surface; and, in a region where it accumulates as slowly as it does on the barren and rocky parts of Isle Royale,
this filliug up would have been the work of enturies. Upon this vegetable accumulation he found trees growing equal in size to any in the
vicinity.
All will admit that the facts above set forth assign to these excavations
a high antiquity; but whether they were made by a race distinct from the
Indians now inhabiting the region, is a matter of extreme doubt, although
all traditions with regard to their origin have perished.
A race like the Indians, ependent principally on hunting and fishing
for the means of subsistence, would employ copper, where it was accessible, in the construction of their weapons of capture, in preference to
stone, it being more easily fashioned and less destructible. 'rhis would
naturally be expected in the rudest and most simple state of society.
Among the earliest benefits derived from their contact with the whites
would be the introduction of iron implements, which would soon supersede those of copper. They then would have no interest in maintaining
a communication with the copper region, which abounded in few animals
of the chase, or in preserving among their tribe a knowledge of the
places from which the metal was obtained. The lapse of a century or
two would obliterate all traditions. We have seen that the first missionaries arrived on the borders of Lake Superior as early as 1641, and it is
probable that the tribes which they there found had estahlished an intercourse with the whites at Quebec and .:Montreal years before. If, from
the scanty records of the Jesuits, we could gather what amount of skill
was displayed by the savages in the art of making metallic implements,
and the kind of material used, it would throw much light upon this point.
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Skulls form the most distinguishing feature between the sev~ral tribes
of the human family; and hence their discovery-which may be looked
for among these excavations-will afford authentic testimony of the
character of the race by which they were made.
NoTE.-According to Kalm, (Reise, th. 3, s. 416,) M. de Verandrier, who in 1746 was sent
upon an overland expedition intended to reach the Pacific, by Chevalier de Bcauharnois, then
g<ivernor-general of Canada, in the prairies 900 miles west of Montreal, found enormoue massea
of stone, placed in an upright position by the hand of man, and on one of them was something which was taken to be a Tartar inscription . lt was engraved on a small tablet which had
been let into a pillar of cut stone, in which position it was found. Some of the Jesuits in the
city of Quebec assured Kalm that they had seen and handled the supposed inscription. It was
afterwards transmitted to Count Maurepas, in France. Humboldt, from whom we derive this
information, (Aspects of Nature, title Steppes and Annotations,) adds: "I have asked several of
my friends in France to search out this monument, in case it should really be in existence, and
in the collection of Count Maurepas, but witheut success." May not this carved stone have
been the work of the old copper-miners? Verandrier further affirmed that, throughout entire days•
journeys, traces of the ploughshare were discernible; but Humboldt remarks that " the total
ignorance of the primitive nations of America with regard to this agricultural implement, the
want of draught cattle, and the great extent of ground over which the supposed furrows at·e found,
all lead to the conjecture that the singular appearance has been produced by some effects of
water on the surface."
The surface of the isb.nd of Mackinac, which lay in their route, presents the appearance of
a ploughed field. It arises from the removal of blocks of stone from their place of bedding in
the strata by the agency of water, during the drift epoch. The earth is not evenly distributed,
but lies in ridges like graves, and well might be mistaken for the remains of aboriginal tillage.
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CHAPTER VI.
VEINS

AND VEINSTONES.

The occurrence of copper in dijferent parts of the eartlz.-Geological association.-De.finition of veins.-Dijferent systems.-Length, width, and
underlie.- Their gangues and the changes which they under{?o in their
passage through dflferent mineral planes.-Formati&n of veins.-Materials composing their ganguPs, and the order of arraugement.-Lvmby
structure.-Position of the silver and ~f tlze 'Jn(!SS copper.- Veins of
native copper, an anomaly.- Various hypotheses as to the mode o/
filling.--b~jection.--Sublimation.--Electro-chemical ageucy.-- U11iversal
dijfusion of magnetism, and its influence on the combinations of
matter.
Before entering upon the detailed description of the phenomena of the
veins of the Lake Superior district, it \vould be proper to consider the
conditions under which copper occurs in other portions of the earth, and
thus afford the means of comparing this newly-discovered district with
those in which veins have been wrought for centuries. "\Ve shall then be
able to apprecia e the peculiar, and we may say nniqne, character of the
Lake Superior district, and arrive at some general conclusions as to the
degree of importance to be attached to the facts developed in the progress
of the explorations.
It must not be forgotten how short a time has elapsed since the first
attempts at mining were made, and the physical obstacles which had to
be overcome before the business was established on a finn basis. Although on the eastern continent mines have been wrought from time immemorial, and every year has added some new facts to the mass already
collected, yet the theory of veins, their detailed structure, and the relation of the various ores to their gangues and the enclosing walls can
only be said to be imperfectly understood in those districts where the most
skil and science have been devoted to their investigation. It cannot,
then, be expected that we shall be able to solve the various problems presented in the investigation of se complex a subject in a district where
mining explorations have been carried on only a few years, and where
a small p<Htion of our time only could be devoted to the collection of the
facts brought to light.
The occurrence in this district of powerful veins of native copper in
igneous rocks is a deviation from the general rules found to prevail elsewhP-re. They are confined, as we have seen from the detailed geology, to
the bedded trap, while the rocks of the preceding epoch-lor instance, as
at the Prince mine, Mamainse, and other places on the Canada shore,
where the greenstones have flowed over the slates-are characterized by
the presence of veins of the sulphurets.
In referring to the conditions under which copper occurs in other regions,\ we will commence with Cornwq.ll-a district best known to the
American miner. rrhis district furuishes all of the tin and seven-eighths
of the copper mined in Great Britain. There are about 112 veins wrought,
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at an annual expense of £900,000. The rock in which they are principally developed is clay slate, or kiltas, a'i it is termed by the Cornish miners, constituting the base of the Silurian system, among which the granites and elvans have been protruded. The ores are the yellow sulphuret
of copper and iron, with which are associated, in the undecomposed part
of the vein, black sulphuret, red oxide, and native copper. 'The gangue
of the cupriferons veins is almost exclusively quartz. The average of the
ore raised does not probably exceed two and one-half pP-r cent, but by dressing it is brought up to eight per cent.
Prance at present affords but one workable mine of col_!)per. Numerous
mines have been wrought at various periods, but at this time they are
abandoned. In the Vosges, the copper veins are associated with the
argillaceous slates of the carboniferous era, among which porphyritic rocks
have l:>een protruded.
The celebrated mines of Chessy, in central France, are at the junction
-of the granite and lias.
Germany.-ln the Harz mountains, the copper veins, with quartzose
gangues, occur in grau-waeke slate, with intercalated belts of trappean
The product of these mines does not exceed 300 tons. The
rocks.
mines of Rheinbreitenbach, in the same formation, are productive in pyritous and variegated copper, accompanied by a gangue entirely quartzose.
In the vicinity of Mansfeld, in Prussia, occurs the interesting deposite
known as the "kupferschiefer," or copper slate-a thin layer in the zechstein, throughout the whole thickness of which is disseminated gray ar·gentiferous copper ore, yielding about 2.1 per cent.
Near Schemnitz, in Hungary, is an interesting metalliferous region,
which produces about 5,000 tons of copper annually, together with gold,
silver, antimony, and other m~tals. The veins are included in porphyritic
rocks, which are connected with sienites, passing into granites. The predominating gangues are quartz and sulphate of baryta; the ores, pyritous
and gray copper.
Spain.-The general character of the deposites of the metals in Spain
is similar to those of the Harz. The amount of copper raised is trifling,
compared with that of lead and mercury. .
Norway and Sweden.-"fhe sulphuret of copper and iron is almost the
only ore obtained from the Scandinavian mines, and is very meagre,
rarely exceeding 3 or 4 per cent. The Norwegian copper is highly
esteemed, in consequence of its freedom from arsenic and other metals.
The veins are principally confined to the gneiss and mica slate. The
famous mine of Fahuln, now nearly exhausted, occurs in the latter rock.
From 1838 to 1843, the Norwegian and Swedish mines did not yield over
1,500 tons of pure copper.
Russia.-The Russian copper deposit.es in the Ural mountains are remarkable for the purity and richness of the ores, with which is associated considerable native copper. 1'hey have been compared to the veins
of Lake Superior, but between the two districts there are few points of
analogy. The most productive mines are those of Tourinsk and Nijnytagilsk.
The chief mining-ground at the last-named places is a broken and unconsolidated mass of detritus, containing thin veins and nests of malachite. It lies in the depressions worn in the surface of the upturned edges
of the limestone strata belonging to the upper portion of the Silurian
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rocks, among which are intermixed broken ridges of amphibole rock.
'rhe malachite is unquestionably a secondary product, resulting from a
cupriferous solution, deposited in a stalagmite form. Such is the character of the Russian deposites.
Cuba.- The average product imported to England from 1843 to 1847
was 5 ,4.00 tons of pure copper-the average yield of the or~ being a little
over 16 per cent. The copper deposites of Santiago are highly productive.
The ores are not in regular veins J but in beds and masses, subordinate
to the igneous rocks, especially greenstone and serpentine. The gangues
are quartz, dolomite, and carbonate of lime. The yellow sulphurets are
associated with the hydrated oxide of iron. Native copper is also observed
in this connexion. The presence of native silver in the blne carbonate of copper is by no means rare.
Chili.- The average quantity of copper smelted in Wales, from the ores
and black metal from this source, from 1843 to 1847, was 4,4iJO tons.
The average yield of the ore and black metal was 31.15 per cent.
The copper veins are exceedingly numerous and powerful, and exist in
the granite. The gangues are quartzose and jaspery.
Australia.-These mines, though worked but a few years, are daily
rising in importance. 'rhe geological association of the rocks is similar to
those of Cornwall. Hills of mica slate compose the Barrossa district;
and distorted clay slate, like the killas of Cornwall, is seen in the Adaline
district. Through these the granites and sienites have protruded. The ores
of copper are abundant, consisting of the red oxide and sulphurets.
From the verbal communications of Sir John Richardson, we infer that
the analogy between the Lake Superior deposites and those of the Coppermine river is very marked. The rocks consist of bedded trap and sandstone, with occasional layers of limestone, traversed by veins containing
native copper and malachite.
It will thus be seen that the ores of copper are confined to no particular
position in the geological column, but range from the lias to the granite.
Veins are the principal repositories of most of the valuable metals employed in the arts, and, whether observed in the Ural or the Harz, in
Cmnwall or on the borders of Lake Superior, exhibit certain features
in common-showing that their formation is due to the operation of general laws.
They are almost always found associated with the igneous and metamorphic rocks; but where they occur ,in rocks purely detrital, the igneous
rocks are generally found not far removed. It is, therefore, to igneous
agency that we are to attribute the formation of fissures and the seggre·
gation of their metallic products.
Mr. Carne remarks: "By a true vein, I understand the mineral contents of a vertical or inclined fissure, nearly straight, and of indefinite
length and depth.''
Werner, the great Saxon geologist, defined veins as "min mal repositories, of a flat or tubular shape, which traversed the strata without regard
to stratification, having the appearance of rents or fissures formed in the
rocks, and afterwards filled up with mineral matter which differed more or
less from the rocks themselves.''
A true vein, therefore, may be defined as a fissure in the solid crust of
the earth, of indefinite length and depth, which has been filled more or
less perfectly with mineral substances, introduced by various agencies.,
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subsequent to the formation of the fissure. 'They differ essentially from
beds, which are genmally contemporane0us with the formation in which
they are enclosed, and range and dip with the associated rocks. 'l'his
distinction ca.nnot in all cases be recognised, since mineral deposites sometimes present characteristics common to both.
Every milling district exhibits certain systems of veins, which differ
from each other in age, alJd often in their mineral contents.
In Cornwall, three sets have been observed, which have been designated by certain provincial appellations well understood: 1st. The system
of right running veins, which traverse the country in a direction uearly
east and west. Mr. Henwood found, as the me n of 3( 0 observations,
that the right-running veins coutainiug metalliferous ores bore 4° north
of east and south of west.
Another set, called coutras, intersect the main veins at an angle of 45°;
ancl still another set, called cross-courses, intersect the right-running
veins at nearly right augles. The first system is the most ancient, because it is always traversed by the other two; they are the older tin veins.
The next are those which contain tin and copper. The third are the
east-and-west veins, which are the most recent and the most productive
of copper.~
'I'hese veins vary from one to four feet in \vidth. They ordinarily extend a few thousand feet, and some even a mile; the great vein of the
United mines has been, however, traced to the distance of eight miles.
The direction of the principal veins in Mexico-for instance, the Yeta
Grande and Veta Madre-is north west and southeast, and they are exhibited
<>n a scale of grandeur unknown in the. mining districts of Europe. 'Thus
the Vela .JYladre has been traced co11tinuonsly on the surface for more
than six mites, and expands in places to the enormous width of ninety
feet.
In the Cerro de Pasco, Peru, noted for its silver ores, one set of veins,
according to Tschndi, bears north and south, which is intersected by
another set beariug east southeast and west northwest. 'l'he Veta de
Colquirica has been traced to the distance of nine thousand six hun·
dred feet, and it expands to the width of four hundred and twelve feet.
'l'his belongs to the first-mentioned class. The Veta de Pariarirca,
which belongs to the second class, is known to extend six thousand
four hundred feet in length, and three hundred aud eighty feet in breadth. ·
From these large veins, numerous small ones branch off in various directions, forming a complete network of silver beneath the surface.
A vein of two or three feet in width can probably be as economically
wrought as one of much greater expansion; the ores are more concentrated, and the expense of securing the work by timbers is proportionately
less.
Veins of J(eweenaw Point _-On Keweenaw Point, one system of veins
is ·well ddined. Their bearing is north of west-the mean of several observations giving north 2li0 west. So trm~ is this, that no pcrmanentl_y
productive vein has been discovered thus far which varied 1;") 0 from tlus
course, which is at nearly right angles to the formation, or axis of upheaval. rrhese veins, in their downward course, deviate more or less from
a perpendicular, amounting to 8° or 10°, or even 12°. They also expand
• Anstead on Mining, Lecture XV.
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and contract at short intervals, which results from the lateral and vertical
dislocations to which the walls have been subjected. The Cliff vein
affords an illustration of this kind, a section of which is subjoined:
Fig. 33.

a. Wails ne~ly in contact.
.
b. Vein nfiarfy vertical, di~playing two layer~ or combs-seen in the fourth level
north of the main shaf[.
c. Veinstone, brecciAted; east layer only seen ; vein pinched and much inclined ~
d. Ea'lt layer now 8een.
f. Vein perpendicular, anJ expanding in width.

Not more than one half of the east comb is represented in the
fissure. The miners call it a "splice in the vein." These
splices will be found to occur wherever the vein becomes nearly
vertical. They fill the vein just above the points where the
walls nearly come in contact, and run out on the overhanging
wall, leaving the west comb to occupy the more inclined and
contracted parts of the fissure. The brecciated veinstone is alw.:lys found jnst above the points where the walls nearly come
in contact. These expansions and contractions in the vein result from a vertical dislocation of the enclosing walls. If a piece
of paper be cut in a waving, irregular line, and one part slipped beyond
the other, it will represent pretty correctly the irregularities of a vein.
The surfaces of the fissure, or rather the walls, are polished and striated,
resulting from the repeated slippings of the mass.
Veins in the Ontonagon Tegion.-A different system of veins prevails
here. The veins run with the formation, instead of cutting it at right
angles, like those of Keweenaw Point. In the St. Agnes, Gwennap, Redruth, and Camborne districts, in Cornwall, according to De }a Beebe, the
general coincidence of the lines of bearing of the tin and copper lodes
with 1.he lines o\ elvans is paTtieularly remarkable .

. In describing the peculiarities of the trappean rocks, we stated that
whenever they approached the detrital rocks, as a general thing, they assumed a stratiform appearance; and this remark is applicable to this region. The .fissures appear 1o have been formed along these lines, and
correspond in bearing and underlie to the bearing and dip of the associated sedimentary rocks.
Of this class of veins, the Douglass Houghton, the Forest, and the
Minnesota are marked examples. Some have supposed, from the coincidence in the bearing and underlie of these fissures with those of the sedimentary rocks, that they were of contemporaneous origin-in fact, that
they were simply beds. We do not, however, regard them in this light.
Take, for example, the Minuesota vein. The walls are polished and
striated, and the mineral matter composing the gangue is distinct in character from the enclosing rock. The vein exhibits numerous strings and
feeders, and, wherever these intersect it, marks of derangement are observable. The veinstone is arranged in combs, like that of the vertical
fissures. 1,hese peculiarities are sufficiently marked to justify us in regarding them as true veins.
There is another class of deposites whose course and underlie correspond to the course and dip of the adjac( ·nt sedimentary deposites. \Ve re
gard them as beds, contemporaneous with the associated rocks. They
differ from the fissures last described in these particulars: 1,hey are im-
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perfectly defined; there being no clear lines of junction -with the walls;
are very irregnlar in their course, exhibiting nothing lil\e parallelism for a
considerable distance; and the mineral matter with which the copper is associated is never arranged in combs or lamellar plates. They are known
as ''epidote veins," the gangue consisting of epidote and quartz, with
native copper. They nppear to be the result of seggregation, rather than
injection, and are as rich at the surface as at any given depth. This class
of beds is generally associated with the quartzose porphyries of the re·
gion west of the Ontonagon river and the Porcupine mountains.
Numerous explorations of these beds have been made, but in no instance successfully.
The quartzose p~rphyries are also traversed by a set of narrow irregular fissures, nearly vertical, filled in with quartz, and for the most part
barren of copper.
In this connexion, we may mention still another class of deposites.
Between the trappean and detrital rocks is often interposed a bed of chlorite, three or four feet in width, through which copper is found disseminated in small bunches. The Union mine, now abandoned, on the Little
Iron river, at the base of the Porcupine mountains, is an illustration of
this kind.
Veins of Isle Royale.-The veins of Isle Royale are more complicated
than those of the districts we have before described , There are several
systems, but the explorations have not been sufficient to enable us to determine their relative ages.
One system of veins bears nearly east and west, corresponding with
the bearing of the associated sedimentary rocks; but while the fanner
dip to the northwest at an angle of 75°, the latter dip to the south-southeast at an angle of 12° or 14°. To this class belong the Siska wit and
Scovill vein and the Dnncan vein, on section 34, township 66, range 34,
on the lease of the Ohio and Isle Royale company.
Another ~lass may be appropriately called beds, having a bearing and
dip conformable to those of the detrital rocks. This class is seen near
the head of Rock Harbor, and at a place on the southern shore of the
island which bears the classical appellation of Epidote.
There is another system of fissures which run nearly north and south,
at right angles with the axis of elevation, and dip from 10° to 20° to the
east. To this class may be referred the vein now wrought by the Pitts·
burg and Isle Royale Company at Todd's Harbor, and the powerful vein
on Phelps's island, at the outlet of ·washington Harbor. Numr>rous fissures holding the same course may be seen between Siskawit bay and
Rock Harbor.
Few veins exhibit their true character on the surface, which arises
probably from the oxidation of the materials composing the gangue.
Owing to the nature of the country, it is impossible to trace the veins continuously for any considerable distance; tut we have satisfied ourselves
that some continue six, and even eight miles. They rarely exceed four feet
in width. 'rhe average width of the best veins thus far developed does
not exceed two feet. Few faults have as yet been observed to interrupt
their continuity.
Having thus endeavored to define the different systems of veins in this
region, we will next consider their gangues, or materials composing the
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vein stone, as well as the changf!s which they undergo in their passage
through different rocks.
The gangues of vAins deserve to be closely scrutinized by the miner,
since a knowledge of their peculiarities is of great practical importance in
enabling him to judge of the probable productiveness of a vein. The
gangues of the most productive veins in this region consist of an admixture of calc-spar, chlorite, epidote, laumonite, and drusy quartz. Prehnite,
fluor spar, analcirrH~, datholite, mesotype, apophyllite, and tahle-spar are
occasionally met with; but their presence may be regarded as accidental.
In no instance has a purely spar vein been found productive. The same
remark will apply to the quartz veins.
In other countries, the miner judges of the character of the lode by the
character of the veinstone. Thus, in Cornwall, above the veins where
rich deposi tes of copFer occur is a mass of ferruginous matter, called by the
miners gossan.
In the Harz, a red oxide of iron, known as chapeau de fer, caps the
lead and silver ores, and when struck affords the miner almost unerring
indications of the proximity of rich deposites.
It is deemed unnecessary here to describe the character of the veinstones with more minuteness, inasmuch as detailed information will be
found under the appropriate head in the Table of Mines.
Tlre productiveness of a vein is also influenced by the character of the
enclosing rock. ·where it exists in the greenstone or hard crystalline rock,
it is pinched; where it enters the soft porous amygdaloid, it becomes scattered and ill defined; and in its passage through a belt of conglomerate, it
almost always ceases to be metalliferous.
The most favorable rock-that in which a vein is best developed-is a
granular trap, with occasionai amygdules scattered through it of a lively
color, and possessing a good degree of firmness.
This kin@ of rock belongs to the bedded trap. No veins of native
copper have been found except in this association.
'rhe iu:fiuence of the enclosing rock upon the productiveness of a vein,
and the change in its mineral contents in passing through different belts
of rork, have been observed in other regions.
"Granite, or its modification, elvan," remarks De la Beche, in his
Survey ot Cornwall, "is found near all the localities where tin and copper
ores so abound as to be worked and produce good mines; while lead,
antimony, manganese, iron, and zinc are discovered in sufficient quanti·
ties to be profitably raised at a distance from granite or elvan. As far as
the two counties of Cornwall and Devon are concerned, the conditions
favorable for tin and copper ores seem unfavorable for those of lead.
Valuable mines in the granite become worthless when they pass into thg
slates.''
In the Harz, according to lVL Fournet, veins passing from argillaceous
slate into cherty slate lose their productive character. Hard granites, as a
general thing, are less prolific than the soft dec9mposed kinds.
To show the changes which veins undergo in their passage through
different heels of rock in this district, a few examples will be cited.
We have described the range of hills in which the Cliff and North
American mines are situated as comrY)sed of crystalline greenstone at the
summit, and a granular trap, somnwhat amygdaloidal, at the base. The
same remark will apply to the Northwest and Northwestern mines. In
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the greenstone the veins are contracted and barren, but on entering the
granular trap they become expanded and give evidence at once of their
true character.
At the Copper Falls mine, the vein in the northern trap belt was well
defined and productive; bnt on entering the belt of sandstone to the south,
it contracted to a mere fissure . 'rhis helt was perforated, but the miners
did not succeed in recovering the vein in the southern trap belt. (Vide
section of the works in the chapter on mines.)
Mr. Hill traced a vein which appears near the lake shore by Copper
Harbor through successive belts of conglomerate and trap, and thus
describes the changes: This vein is on sections 25 and 36, township 59,
range 29, and township 58, range 29. It is distinctly marked on the surface through the above-named sections, and can be examined every few
yards on the line of bearing. It varies but little in its general course
from north to south, and underlies slightly to the east. Its width in the
first belt of sandstone and conglomerate is tw@ feet, and its gangue consists
of calc-spar, with some native copper. Its width in the first trap belt is 14
inches, and its gangue consists of calc-spar and laumonite, with native
copper disseminated. In the main range of conglomerate it expands to
two and a half feet, and is filled in with calc-spar, and exhibits no trace
of copper.
,.rhe large spar vein known as the "Green R(.)ck" among the early voyageurs, which strikes the shore at Hays's Point, Copper Harber, is undoubtedly a continuation of the black oxide vein a few rods east of Fort
Wilkins. In the first conglomerate belt, the spar was associated with
the green and blue silicates of copper. In the second conglomerate belt,
it contained, in addition to the silicates, large masses of black oxide of
copper.
In the bottom of the harbor., when the water is tranquil, a spar vein,
destitute of copper, is seen in the included trap, corresponding to the
direction of the vein in the conglomerate on either side.
Thus there can be little doubt that the veins of Keweenaw Point
traverse different mineral planes, and, in their passage through them, undergo marked changes iu their gangues and metallic _contents.
On Isle Royale, the veins exhibit tlle same changes. Mr. Shaw sank a
shaft on a vein, above Scovill's Point, to the depth of ninety six feet.
For thirty feet the rock was soft, in which the vein was well developed,
expanding inylaces to four feet in width, and containing co1Jsiderable copper. At that depth a band of columnar trap was struck and penetrated
to the depth of sixty-six feet. rrhe vein contracted to a foot in width,
and was nearly barren and worthless.
Mr. Whittlesey, the former agent of the Siska wit mine, informed us that,
at their works, the columnar trap was intersected at the depth t•f thirtyfive feet; that the vein was well exposed in the ovedying amygdaloidal
trap, but that on entering the columnar trap it narrowed to a mere fissure.
'rhe same results followed the explorations on section 27, township 66,
range 34, belonging to the Ohio and Isle Royale Company.
On section 33, township 67, range 33, a vein beariug north 50° east,
the gangue of which consists of quartz, chlorite, and calc-spdr, with considerable native copper, is seen traversing a trappean rock composed of
horubleude and feldspar, highly crystalline. Mr. Shaw sa11k on this vein
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to the depth of fifteen feet, when he intersected a dark hornblende trap,
in which the vein lost its character and became worthless.
The ost striking illustration of the changes of a vein in its passage
through different mineral planes is to be seen on the northwest coast of
this island. The clifrs consist of numerous alternations of greenstone
and porphyry, which are cut by a vein varying from a few
inches to two feet in width. The upper portion of
the vein at a, is made up of trappean matter; a few feet
lowf!r down, at b, the gangue is entirely quartzose; still
lower it gives place to calc-spar. It may be seen in the
annexed figure; p, p, p, represent bands of porphyry; d,
the lowest band of porphyry seen, which is amygdaloidal,
the cavities being filled with calc-spar, below which point
this substance entirely fills the space betweeen the walls,
indicating a common origin of the caleareous matter both
of the vein and the porphyritic band. The bands of
~~,..,.., phophyry are separated from the trap by thin layers of
laumonite.
Fm·mation of veins.- The manner in which veins occur would seem
to indicate that they were rents or fissures formed subsequently to the consolidation of the different mineral planes. The parallelism exhibited in
the same system of veins would further indicate that their direction had
been determined, not by fortuitous circumstances, but by the operation of
general laws.
The materials composing the gangue ®f veins are often arranged in
parallel plates, constituting what the Cornish miners call comby lodes. De
la Bee he supposes that this arran gemen t resulted from successive openings
of the fissure.
'1-,he following is a section of the gangue of a vein on the southeast
quarter of section 10, township 60, range 39, Isle Royale:
Fig. 35.
1. Laumonite, half of an inch.
2. Prehnite, with native copper, two inches.
1 z a 1!
\. 1~( ,\~~r<.·t .i
3. Clay, probably decomposed chlorite, one
'··:J ~~\ l, . ,1
inch.
1\1 • 1
·
This vein appears to have been subject to three
1
2 '. \1 · ~-."'
successive openings.
11
\·~.,(I,
The east vein of the Northwest Company ex>\ \1)!
<\ ~~
hibits two combs: that attached to the foot-wall,
\1\ ~ 'l
six inches in width, is composed of calc-spar with
little copper; that attached to the hanging- wall,
twelve inches in width, consists of chlorite,
quartz, and calc-spar, investing copper in spangles and masses.
We have given sections of several veins in the chapter on mines, and
they may be referred to in the further illustration of the structure of the
veins of this region.
In the Cliff vein, there are two combs-that attached to the footwall containing most of the masses, while the other carries disseminated
copper.
The sheets of native copper, as a general thing, though not invariably
occ.upy the foot-wall of the vein.
Where crystals occur investing the walls, with their faces opposite,
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whether separated or interlocked, they afford strong presumptive evidence
of the orginal width of the fissure.
The Prince vein, Canada shore, affords a beautiful illustration.of this.
'The vein on Spar island is about fourteen feet in width, the walls being
invested with amathystine quartz, with the faces turned outwards, occupying two feet in width, while the intermediate space is filled in for the
most part with calc-spar and pyritous copper.
It is difficult to determine the order in which the materials composing
the matrix of veins were deposited. In some cases the earthy substances
were deposited before the metallic, and in others it is evident that copper
existed in the fissures before the process of filling was complete. It is
probable, however, that the copper was formed at different times.
At the Copper Falls mine, for example, we find small specks of copper
enclosed in obtuse rhomboidal crystals of calc-spar, variously modified;
again, we find native copper deposited around crystals of analcime and
calc-spar, taking tfie form of the faces of the crystals, every line and wave
being faithfully represented, as in the electrotype process. The copper
oftpn appears in arborescent forms, invested with calc-spar.
The Prince mine affords specimens of dog-t0oth spar, studded with
minute crystals of bi-:sulphuret of copper, while the vitreous copper is often
enclosed in a matrix of carbonate of lime.
The silver in this vein is found in thin leaves, between the laminffi or
joints of the crytrallized spar, indicating that it was deposited subsequent
to the filling of the vein.
At the Mi.nnesota mine it is not unusual to find spongiform copper adhl?lring to the walls, which would seem to indicate that copper was the
first substance deposited in the fissure . Again we find it deposited in
thin plates between the joints of the crystallized quartz, which would indicate that the latter was deposited subsequent to the former. " 7 e have
before us a specimen from this mine, consisting of native copper, native
silvgr, crystallized quartz, and carbonate of lime, (calc-spar.) The copper
and silver are distinct, and appear to be chemically pure. The form of
the crystals of quartz is impressed on the silver and copper, and in the
body of the crystals there is no trace of a metallic substance. The calcspar, however, conforms to the silver and copper, both of these metals being disseminatefil through it. The silver occurs in imperfect octahedra of
the size of a pea.
This arrangement would seem to indicate the following order in the deposition of the materials: 1. Quartz; 2. Copper and silver; 3. Calc-spar.
At the Cliff and North American mines perfect crystals of copper occur
only in the cavities of the matrix; when in contact with quartz, it takes
the form of this substance.
The inference from these facts is, that some of the earthy materials constituting the veinstone were deposited prior to the copper and silver, while
others were subsequent in their deposition.
The silver is .generally found to occupy a certain position in the lode.
r.rhus, at the Copper Falls mine, it is most abundant near the junction of
the trap and conglomerate on the north; at the Cliff mine, near the junction of the crystalline greenstone and granular trap. Although silver is
intimately associated with the copper, yet it does not occur in sufficient
quantity to justify the expem;e of separating the two metals. The lodes are
frequently brecciated-the angular fragments evidently having been de·
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rived from the adjacent walls-and are most abundant above the points
where the fissure is nearly closed.
Mode of formation.-Having endeavored to set forth the principal phenomena of the veins of the Lake Superior district, we propose to advert to
the principal theories which have been advanced to explain the method
by which the process of filling has been accomplished.
Native copper is often found in veins abounding in sulphurets, but un€ler circumstances very different from what are observed in the Lake Superior district. Its presence is thus described and explained by De la
Beche.~
Beneath the gossan, which results from decomposition of the
ore, we observe appearances strongly reminding us of the common electrotype process for procuring copper from a solution of sulphate of copper.
The pure metal is gathered together in chinks and cavities between the
main mass of gossau and the body of the undecomposed copper pyrites,
mingling perhaps with the lower part of the former. So netimes this native copper, as it is called, may retain its metallic character; but at others
it becomes co!lverted into an oxide, and this again into a carbonate, by
the percolation of waters containing common air and carbonic acid.
It is probable that the sulphur, by a union with tbe needful oxygen, becarne sulphuric acid, and that, this formed, the copper was attacked _and
removed, to be dealt with like any other solution of the ~ulphate of copper.
'l..,hree theories have been suggested to acconnt for the filling of veins:
1st. '"fhat the foreign matter has been injected in a molten state, and
afterwards slowly crystallized.
2d. That the volatile matters have been slowly sublimed fron1 below
by heat, and condensed upon the walls of the fissure.
3d. That the materials were once held in aqueous solution, and pre.
cipitated by electro-chemical agency. t
1. lnjection.-W~ can hardly conceive it possible that the copper, in a
fluid state, has been forced up from below like dikes of porphyry or greenstone. It is well known that, in many of the loftiest volcanoes, the column of lava do{js not rise to the lip of the crater, but breaks through the
sides of the mountain. An elastic force sufficient to raise a fluid mass of
three times the density of lava would shatter the enclosing walls, and
force the copper into the fissures. If this were its origin, we ought to
find it occupying the depressions in the surface rocks in the vicinity of
the fissures, like modern lava currents.
·we find the copper investing various crystallized minerals, and every
wave and stria of the pre -existing crystals is faithfully represented. It
is impossible, by any artificial method, to cast any metal so as to exhibit
such minute lines. They are as delicate and faithful as could be obtained by the electrotype.
Again, the associated minerals do not exhibit the effects of a high temperature. These consist of zeolites, which yield potash, soda, and lime,
and hold a large percentage of water of combination, and of carbonate of
Admirality Manual, title Mineralogy.
tIn those veins which are widest near the surft\ce, and gradually contract in their downward
pr?gress,. the _foreign ~atte~ has been undoubtedly introduceu from above; and even in those
vems which mcrea.se m width aB they descend, occasional fra~ments derived from the surface
have been met ~ith. '!hus C<3:rne t<tates that, at the Relistran mine, Cornwall, quartz pebbles,
cemented by oxide of tm and bisulphuret of copper, have been found at the depth of 600 feet in a
tin lode. The black oxide vein at Copper Harbor belongs to this class.
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lime, (calc "·par and andalusite,) and earthy silicious minerals, (quartz,
agates, &c.)-all of which may be supposed to have resulted from the
precipitation of aqueous solutions, rather than from fusion under pressure.
Again, if the contents of the veins were the result of injection, their
preduetiveness would be unaffected in their passage through different
mineral planes.
Lastly, copper and silver combine in indefinite proportions, forming a
homogeneous compound; and yet we find them existing side by side almost chemically pure. Admitting that they once formed a homogeneous
compound, it is reasonable to infer that they have been separated by electro-chemical agency.
2. Sublimation.- This theory explains some of the phenomena of
mineral veins which the preceding theory does not. Thus, in some
veins, crystals of earthy materials line the walls, whose under surfaces
are studded w1th minute metallic particles, while the upper surfaces are
quite smooth.
Iron glance is formed at this day in fissures on the margins of the craters of Vesuvius and Stromboli. rrhe volatile particles arc raised by heat,
and condensed on the sides of the fissure in crystallized forms. ,.-rhe
parallel arrangement of the ditferent materials on the sides of the vein
may also be explained by this hypothesis. The artificial production of
various crystals-such as feldspar, hornblende, mica, and magnetic oxide
of iron, found in the slags of furnaces, and of garnets, rubies, idocrase,
and olivine, formed in the laboratory of the chemist-have also been relied
on as affording direct evidence of sublimation.
'rhe minerals thus artificially produced, however, belong to a different
class from tho~e which accompany the native copper.
This hypothesis does not explain the changes which are exhibited by
veins traversing different rocks, nor the stibstitution of different metals in
the same vein, chemically distinct.
The fact that copper, silver, and lead have been found deposited on timber and leaves in some of the long-abandoned mines of Europe proves
that heat is not the only sol vent power by which these metals may be
made to assume new forms.
3. Electro-chemical agency.-- There is but little doubt that magnetic
currents are in a continual state of slow but regular change, sweeping
round the two hemispheres. Ampere \Wl.S the first to announce that these
currents traversed the earth from east to west; and others have applied
them in explanation of the chemical changes which have taken place in
lodes during the process of their formation.
The obs ations of Mr. Robert Were Fox, in the Philosophical Transactions and the Proceedings of the Geological Society of Cornwall, upon
the eleetro-magnetic properties of veins, and of Becquerel, in his "Traite
de l'Electricite," upon the artificial production of crystallized insoluble
compou s of copper, lead, and lime, throw light upon one of the obscurest pages in the history of the earth; yet it must be confessed that
these experiments have not revealed all that was anticipated at the time
of their promulgation. M. Becqucrel shows that, by the long coutinned
action of weak electrical currents, many crystallized subtances hitherto
found only in nature may be artificially obtained.
Mr. Fox, by placing copper wires against two portions of a lode, or of
two lodes divided by a cross-course, and connecting the wires with a gal-
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vanometer, was enabled to detect a current of electricity. The needle
was observed to deviate in some cases to such an extent that it was im·
possible to note the deflection. In nearly all of the mineral veins of
Cornwall he was enabled to detect these currents, but in 'reesdale the
results of his experiments were negative. He was successful in procuring an electrotype copy of an engraved platA, by a current collected from
two lodes of iron and of copper pyrites, and also in inducing magnetism
in a bar of soft iron.
·
Profe~sor Reich detected very decided currents in the lead and silver
vein's near Freyburg; but Von Strombeck on the other hand, could obtain
no results in the copper and lead lodes of the Rhine.
lVIr. Robert Hunt made also numerous experiments in the mines of
Cornwall, and almost invariably obtained indications of electricity-in
one case so powerful tl;at electro-chemical de'composition was produced.
He also examined these currents in reference to their connexion with the
general currents which traverse the earth, according to the theory of
Ampere, and was induced to conclude that they were local, and due to
the chemical action going on in the lode itself. They were often found
to traverse the lode contrary to the general currents which sweep round
the earth, and often at right angles to them.
He interred that these local currents had had a powerful effect upon the
masses of matter exposed to their influence, although the formation of veins
might not originally have been due to their agency.
,.rhe amount of muriate of soda (common salt) which he had found
in the waters of many of the deep mines of Cornwall, equalling in some
cases nine hundred and fifty grains in a cubic foot, had, in his opinion,
acted powerfully in inducing chemical changes in the lode. *
The existence of two metals side by side, like copper and silver, each
chemically pure, and capable of being alloyed in any proportions; the
accumulation of the latter near the cross-courses, or at the junction of two
mineral planes; the changes in the metallic contents of lodes in their pas·
sage through different rocks; and the parallel arrangement of the earthy
gangues,-all seem to indicate the existence of electrical currents during the
period of their formation.
It is to magnetism-an agency subtle, but universal and all-powerful,
pervading every particie of matter, and operating unceasingly-that we are
to look for an interpretation of many of the obscurest passages in the
history of the earth.
To use the beautiful figure of Humboldt: "That which forms the in·
visible but living weapon of the electric eel; that which, awakened by
the contact of moist dissimilar particles, circulates through a the organs
of plants and animals; that which, flashing from the thunder-cloud, illumines the broad canopy of the sky; that which draws iron to iron, and
directs the silently-recurring march of the guiding-needle,-all, like the
several hues of the divided ray of light, flow from one sourc , and all
blend again together in one perpetual, everywhere-diffused force."t

* Lecture on the electriCity of mineral veins, before the Royal Institution, London.
t Aspects of Nature, vol. 1,

art. 1.
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CHAPTER VII.
METALLURGY.

Purify of Lake Superior native copper compared with r~fined copper from
varioussmelting-works.-Npecijic gravity.-Occurrence qf silver in conuexwn with it.-Mdlwd of separation~-Liquition.-Amalgamation.
Mechanical separation.
The term metallur~y is applied to the art of extracting the vanous useful metals from their ores, so as to furnish them to the manufacturer and
·c onsumer in such a statP. of purity as may be required in the various uses
to which they are applied in the arts.
The processes by which copper is reduced from its combination with iron
and sulphur in the ore, from which the greater portioa of that metal is extracted, are long and tedious; nor is the skill of the smelter sufficient to
separate the copper in a perfect state of purity and freedom from other
metals which impair its value. On the contrary, the copper of commerce
contains considerable quantities of iron, lead, nickel, and other metals, as
is shown by the following analyses of refined copper from various districts:
Copper
Iron
Nickel
Lead
Silver
Potassium·
Calcium
Magnesium
Aluminium
Silicium

~

I.

II.

98.655
.055

98.251
.131
.236
1.092
.135

.751
.226
.116
.095}
.033
.02l
.048

.107

III.

0.17

0.38
0.33

.048

100.00

100.00

---

---

No. I is Swedish copper.
No. II is Mansfeld copper, analyzed by V. Kobel!.
No. Ill is Swiss copper, analyzed by Berthier.
Native copper from Brazil, having a specific gravity 0f 8. 962, contained
iron, 0.17; calcium, 0.38; magnesium, 0.33.
Japanese copper is said to be perfectly pure; also the native copper from
the Siberian mines, according to G. Rose.
1.-,he native copper from the Lake Superior mines may be considered to
be chemically pure. It dissolves in pure nitric acid without leaving a
trace of residuum; it gives no precipitate when the nitric acid solution is
heated with ammonia; neither on the addition of chloro-hydric acid. It
dissolves to a clear solution in concentrated sulphuric acid when heated;
it contains no trace of arsenic or other volatile metal. This is the result
of the examination of several specimens of copper from .the Phamix, Oliff,
and Minnesota mines. A piece of copper from the last-named mineJ sawn
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with care from a perfectly pure and solid mass, was found to have the
specific gravity of 8.838. 'rhe density of pure copper is given by different authors as follows:
Peligot and Fremy, pure fused copper
8. 78
"
8.83
Berzelius,
"
Scheerer and Marchand,"
"
8.921
8. 952
Scheerer and Marchand, copper i.n fine wire
It has been asserted that some of the native copper contains a small
portion of silver alloyed with it. This may be the case; but we have not
found any silver in the specimens which we have examined, when no
particles of that metal were visible in the mass.
'rhe method of occurrence of the native silver in connexion with the
copper in the Lake Superior region is one of the most novel and striking
features in the distribution of the metallic riches of that district. Native
silver occurs by no means unfrequently, at various points of the trap
range, from one extremity of the district to the other. It has, however,
beerr found in the greatest quantity at. the Phmnix, Cliff, Copper Falls,
and Minnesota mines; the largest specimen hitherto obtained wns taken
from the workings of the Phmnix (formerly Lake Superior) Company's
mine. It was a rolled, detached lump, perfectly pure, which weighed
over six pounds, and is now in the collection of the mint at Philadelphia.
This mass was found in a large excavation or pot-hole worn by the action of the stream in passing over the course of the vein, and filled
with the debris of the vein and the adjoining rocks, and numerous masses
of copper and silver derived from the ruins of the veinstone. Several
thousand dollars' worth of the latter metal were taken from this hole. In
the various excavations on this location, numerous specimens of ~ilver
associated with copper have been obtained, both is the vein, where they
generally occur assoeiated with prehnite, and in the adjacent rock, either
in bunches and strings, or sometimes in almost invisible particles.
A specimen of native silver from the Minnesota mine was found to
contain no other foreign substance than a trace of copper. A specimen
from the old Lake Superior Company's mine containeJ no copper, but a
s-mall quantity of iron.
The silver and copper do not, however, in general, occur alloyed with
each other, as would naturally be supposed on the theory that they have
been forced up together in a state of fusion from the heated interior of
the earth. The silver is scat~ered through the mf:tallic copper in such a
manner that each metal remains entirely free from aHoy with the other,
although tbe junction of the two at their edges is a perfect one. The silver is often interspersed in the mass of copper, so as to form a species of
porphyry, the former metal occuring in small patches and particles perfectly soldered to the enc.losing mass of copper, yet, chemic.ally speaking, entirely distinct from it. 'rhe native silver seems to occur e::::pecially
in connexion with a soft gTeenish magnesian mineral, also with calcspar and prehnite, and has never, so far as we know, been found distinctly
crystallized, as the copper often is.
The only question of any practical difliculty in regard to the metallurgic
treatment of the Lake Superior copper is that of the occurrence of the
native silver in connexion with the copper.
If there should be a large amount of silver found finely intermixed
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with the copper, so that it could not be mechanically separated, it
would be important to decide how the two metals could be separated in the
n1ost economical manner, and how small a percentage of silver could be
economicalty worked. If the percentage of silver in the copper is iarge,
a separation of the two metals can be effected by the use of acids in the
humid way. The so-called "aqua regia" was many years since used
. by Keir, in England, for separating metallic silver from copper. It consists of a mixture of concentrated sulphuric and nitric acids, or oil of vitriol,
mixed with one -teuth its weight of saltpetre. By this reagent the silver is
dissolved, and the copper only very slightly acted on.
In the separation of silver from copper, when both the ores of these
metals occur in c-ombination, in the Harz, the method called liquation is
resorted to. ln this operation the argentiferous copper, which may contain as
low as 0.0016 per cent. of silver, is fused, in the state of black copper, with
between two and three times its weight of lead and litharge, and cast into
large fiat disks, which are then ready for the liquation furnace. In the
treatment by this furnace the lead containing the silver flows off into the
well in front of the hearth, whence it is tak~n with ladles and cast into
ingots. The silver is then separated from the lead by cupellation.
At Tsiklova, in the Bannat, the silver contained in the black copper is
separated by amalgamation. The ores are principally argentiferous mispickel mixed ''rith copper pyrites. The black copper obtained by three
separate processes of fusion, contains from 80 to 90 per cent. of copper,
with from 0.00125 to 0.00375 per cent. of silver.
This is heated to the highest point possible without its fusing, and
then pulverized by stamps. 'rhe pulverized substance is then mixed
with 10 per cent. of common salt and a little ~ulphuret of iron, and heated
in the reverberatory furnace. The resulting chloride of silver is then
amalgamated with mercury, by means of a suitable apparatus-the rednct.,ion of the silver being effected by copper, which at the same time converts
the small portion of chloride of copper which had been formed in the pro·
cess of chloruration into bichloride of copper. The amalgam is then distilled, so that no mercury is lost in the operation; and the copper is fused
and refined.
Up to the present time, the quantity of silver occurring with the
copper in the Lake Superior region has not been sufficient to render it
worth while to erect the furnaces and make the required outlay for separating these two metals; but, should the number of mines be much increased, and the quantity of silver obtained be considerable, it will be ex·
pedient to make suitable preparation for separating this metal. At present,
at the Cliff mine, the particles of silver which are so flattened by the
stamps as to be easily seen, are separated by hand, the coarse metal from
the stamps being picked over with care for that purpose. The silver ocCUlTing only occasionally, and then often in masses of considerable size,
there can be no doubt that a very considerable amount is purloined by
the miners, who seem to consider the silver found iu the vein as their
property.
The small quantity of silver which may re~ain with the copper becomes, in the operation of smelting, alloyed with it, and undoubtedly
improves the quality of the metal.
Taking into view what has already been said in the preceding chapters
on the occurrence of the copper in the mines of Lake Superior, it is evi-
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dent that the practical questions involved in the working of this region ate
exceedingly simple, and that few mining districts occur where mines
can be opened with such facility, and their products converLP.d into
money with so little outlay of capital or skill in their metallurgic treatment.
The greater portion of the copper produced in the world is obtained
from the combinations of that metal with sulphur, and principally from
the ore commonly called copper pyrites, or sulphuret of copper and iron.
In addition to the mechanical preparation of such ores, they require a long
and complicated process to free the copper from the accompanying foreign
substances, the theory of which may be thus briefly snmmed up:
1. Fi1·st roasting or calcination.- This process is performed either in
peculiar furnaces or in roasting pits or heaps. By it the greater portion of
the sulphur is oxidized; the metals are converted into basic sulphates,
which remain mixed with the portions of the ore which have escaped oxidation.
2. First fusion or melting for- coarse metal.-Silicious substances are
added, if necessary, in sufficient quantity to take up the iron, which
combines it together, to form silica of the protoxide of iron, making a
fusible slag; the sulphuric acid is reduced to sulphur, and the oxide of
copper to copper, an<J. sulphuret of copper is formed. The heavy combination of sulphur and copper sinks to the bottom of the furnace, while
the light slag floats on the surface. This sulphuret of copper still contains considerable sulphnret of iron.
3. Second roasting or calcination of coarse metal.- The mass obtained
by the last process is now broken up, and again roasted for several weeks
in peculiar furnaces. The object of this operation is to oxidize the copper.
4. Second fusion.-'fhe ore is again fused, with the addition of silicious substances, if necessary-the object of which treatment is to take up
the portion of iron which still remains. 'The copper obtained by this
.
process still contains many impurities: it is called black metal.
5. Refining.-The copper is fnsed and subjected to a process by which
the foreign metals present in it are oxidized, and form a crust on the sur.
face of the fused mass, which is constantly skimmed off. The copper is
treated in this way till it acquires the properties of the pure metal, when the
operation is suspended. It is then cast in ingots, or cooled upon the surface by throwing on water, and removed in successive fiat masses, called
rosettes.
This is the general description of the processes by which the ores are
treated, though the details vary much in different countries and under
different circumstances. The number of distinct processes which the
ore undergoe~ in the great smelting establishments of Swansea is at least
ten, which are entirely distinct from each other.
The sulphurets of copper there require a long and expensive process for
smelting-a process which demands the highest metallurgic skill, and a
large amount of capital. Eight companies have the control of the great
Welsh furnaces, where so large a portion of the copper used throughout
the wmld is smelted.
·
The question arises t~en, Are the sulphurets of copper destined to form
an important part of the production of the Lake Superior mines?
The occurrence of tbe sulphurets of copper in the Letke Superior region
is by no means a very uncommon fact. Two localities have furnished
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ground for mining operations-one of which has been entirely abandoned;
the other is ternporaril y suspended_, though it is believed that the mine is
not considered by the proprietors as entirely proved. The ore in each of
these cases IS mostly the black sulpburet. Tl~e yellow ore is found in
comparatively small quantity, ast;ociated with the variegated. '\Ve do
not believe that appearances thus far indicate that any ore of cGpper exists
in the Lake Superior region in sufficient quantity to be worthy of being
worked. We have, therefore, a comparatively simple task to discnss the
metallurgy proper of this district, since nature furnishes us with the pure
metal, associated wit.h eal'ily-fused veinstones, from which•it can be sep·
.
arated by the simplest of processes-fusion.
'rhe native copper is considered by the miners as coming under three
distinct heads, accordimg to its state of subdivision in the rock, and the ·
<Size of the pieces of the metal. 'I' hey are as follows:
1st. Mass.
2d. Barrel-work.
3d. Stamp-work.
1. Mass.-ln stopeing, when a large sheet of copper occurs in the
vein, the rock is removed from one side of it, and it is thrown down by
means of a sand-blast, and thus lies or stands upon the bottom of the level
<>r drift. Masses have been detached from the vein which were esti.
mated to weigh 60 or 70 tons, mostly of solid copper, in an irregular, flattened, tabular shape, now expanding to a width of from 2 to 3 feet, and
then contracting to a few inches, but firmly united. Of course, such a
mass is too large to be moved in the level or raised to the surface, and
it is of importance that as litrle of the process of subdivision as possible should be done under grouud~ since the operation, which must
necessarily ta~t a long time, impedes the work in the mine, and is less
conveniently executed in a narrow, confined space, where easy access
cannot be had to the mass on all sides, and where it cannot be readily
moved. The use of pO\verful machinery and tackle for elevating
ma~ses of several tons' weight will be gradually introduced, when their
occurrence may be reckoned npon as forming a considerable part of the
value of the mine. rrhe process of dividing the masses, at present,
is as follows, and is the same whether above and below the surface:
A groove or channel is cut diagonally, at a convenient point, where
the copper is as pure as possible, and the thickness comparatively
small, which is carried through the mass till it is separated into two
parts. To effect this, one person holds a chisd, the cutting. edge
of which is about three-fourths of an inch in width, and of varying
length, according to the thickness of the mass to be divided; another person strikes with a heavy sledge, and at each blow the chisel is sunk into
the groove and moved laterally so as to prevent its becoming wedged,
until at last a chip of coppe is taken out several inches in length. A
repetition of this process at length completely severs the metallic mass.
lf the copper be perfectly pure, the operation proceeds rapidly and
regularly; but when quartzose matter is to he traversed by the chisel,
the labor is more tedious, and requires greater care. The cost of this
operation is fl·om $:;6 to $7 per square :{i)ot of 'surface cut through. No
{)ther process than this, tedious and expensive as it may seem to be,
has yet been resorted to for dividing the masses. If the blocks were of
pure copper, and not liable to contain bands and nodules of silicious mat-
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ter, it is probable that a machine might be contrived for performing the
operation by a kind of saw, driven by steam-power, somewhat ~imilar to
that used in dividing railroad bars. 'l'aking into consideration,. however,
the diffieulty just mentioned, it seems doubtful whether 11ny more economical or efficacious means can be contrived than that which is already
in use. It has been suggestetl that fu::;ion of the masses might be effected,
so as to divide them in that matmer; but the fact that copper is so
good a conductor that ir w0nld be impossible to confine the effect of the
heat to a limited space and obtaiu a temperature high enough to produce
fusion at a pai4ticular point se~ms to render any snch method inapplicable.
The greatest'thickuess of a solid mass of copper, without seam or break,
observed by us, was two feet four inches. This was at the Cliff m.ine.
At the Minuesota, there appeared to be a solid mass in the vein, at least
:five feet in thickness.
When the masses have been brought to the surface, they are still further
su"IDdivided, if necessary, into blocks varying from one to two tons in
weight-such as may be conveniently transported to the 1ake, whence they
are shipped to market. The Boston and Pittsburg (Cliff) Company have
erected a furnace at Pittsburg for fusing these masses-the details of which,
however, the trustees do not allow tn be made public. There is no practical difficulty whatever in the way of obtaining the copper at once perfectly
pure. The veinstone consists generally of fusible minerals, snch as
prehnite and the zeolitic minerals,. or of quartz and caleareousspar, which
flow readily together. In the report of the trustees of the Pittsburg Company the per centage of the mass is estimated at 60 of pure copper in 100.
2. Batrel-u:ork.- This is the name given at the Lake Superior mines
to the smaller masses of c~pper, which are too large to go under the stawps,
and too small to be shipped separately. It includes masses of copper in bunches and striug-like forms, which are firmly bound together
with a greater or less amount of the veinstone, auu weighing from a few
pounds up to several hundred. These smaller mas~·es are picked out
from the matter raised to the surface, and dressed by the hammer, so as to
free them, as much as possible, from the adhering rock or veinstone.
They are then barrelled up in stout casks, which hold from five to eight
hundred pounds of llletal and rock. These are smelted by the Pittsburg
Company, with the larger r:uasses. The barrel-work at the Cliff mine
is estimated at 50 per cent of pure copper.
The proportion of barrel- work to stamp work furnished by the Cliff
mine will be set•n by reference to tbe table appended to the account of
tbat mine, under the head of "Mines and :Miniug."
3. Stamp-work.-'Tilis includes all the veinstone with metallic copper in sufficient quantity to alk)\V of its being separated by the process
of washing after the ~tampiug. The limit of the quantity 0[. copper con·
tained in tl1e rork which may be profitably stamped and washed, we
cannot yet fix with certaiuty This depet s on a variety of circumstances: as, for instance, the price of labor, the ef·onomical arrangement
of the works above ground, and 1 especially, the construction of the \vashing apparatus. 'rhe great difference in the speeific gravity of the veinstone and the metallic copper-the former being from 2.7 to 3.5, the lAtte-r
nearly 9-renclers a perfect separation of the two very easy, and requires
a much less complicated aud scientific arrangement of tl1e machinery
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than in those cases where the ore is only a little heavier than the gangue.
Of course, as the country becomes settled, and the price of labor falls,
and greater method is introduced into the works, a rock containing
a smaller percentage of copper may be profitably worked.
Before the rock is stamped, it is necessary that it should be roasted, in
order that the veinstone, especially the quartz, may be rendered friable,
so that it will readily yield to the blows of the stamps. The roasting is
effected in the open air. The rock C<'>ntaining the copper is arranged in
alternate layers with billets of wood, and then fired, and allowed to
smon1der for forty-eight hours. rrhe heat should not be carried sufficiently far to cause any portion of the copper to be fused. If necessary,
water may be dashed upon the heap while still hot, to aid in destroying
the cohesion between the particles of the rock.
The price of fuel is so low that this method will undobtedly be employed, although a more economical one might probably be devised.
Fig. 36.
Afwr having been calcined, the ores are
taken to the stamping-milL This consists of several pestles of wood in a verr'
tical position, to which heads of iron,
;:
weighing 200 pounds or more, are attached. A cylindrical axle revolves hori-;
zontally, and is armed with cams, which,
) acting
successively, catc.h into the shouldu
'~
.er:> of the pestles and raise them to the
required height, when they are disenL
-=:,
gaged and fall into an oblong cast iron
c
trough, which is fed with ore from a hopper above. Three or four pestles com.
D
pose a battery, and several batteries are
D
CJ
~HIT
D
C
usually employed in a stamping-mill.
o
n
Figures 36 and 37 represent the arrangeL
~rtt:· \Uj~~
ment and form of the stamps used at the
Cli}f mine -the former being a front view
~
of a single battery with four pestles,
,
while figure 37 is a section showing the
manner in which the ore and water are
"'
introduced.
An attempt was made at the Cliff mine
to
stamp the ore dry, and also at the Lake
~~
~-:·~-~.~
~-;
~-;
·:;
"
Superior Company's works to pulverize it
b y a pair of <'.rushing-wheels; but it is satisfactorily demonstrated that
the Lake Superior ores can be stamped only by the aid of water.
After stamping, comes the much more difficult process of washing the
metal trom pulvelized rock, so that every particle may be separated with()Ut loss. As the present methods of washing practised on the lake are
very imperfect, we add an account of the most approved machinery for
i h.nt purpose ust.d in the French and German mines.
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Fig. 37.

The most simple metnod
of washing is by agitatmg
the metalliferous sand in
a bucket, by hand, imparting to it a rotatory motion, so that the lighter
parttcles of earthy matter
may be thrown over the
top, while the heavier ones.
containing the valuable
metal or ore sink to the
bottom of the vessel.
Washing can be very perfectly performed in this
w::ty with sufficient care ;,
and, simple as the method
is, it is one which is extensrvely used in the washing of auriferous sands h
The same thing can, however, be effected much
more economicaHy by various mechanical contri-

vances, such as percussion and sleeping -tables.
The water as it issues from under the stamps is made to ci:rculatethrough a system of canals called a labyrinth, carrying with it the pulverized ore which is distributed at points more or less remote, dependent on the size and specific gravity of the particles. (See figure 38
which represents the most app:wved form of this apparatus.) In these
Fig. 38.
troughs the tnetallic partirr=====;rr=--===;;::;;--=--tJ=-===-=~
cles are deposited in con11
stantly decreasing quanf==~~===="-=-====J
tity from the end nearest
=
JI
the stamps to the place of
( =-----u--~~
exit, where the earthy par.
\ 1
ticles are carried out de~ I J'lfived of all the ore with
which they had been previously intermixed.
The same thing may be
t>tfected by the operation
====::;;;;;.;=!\ l I
called Iiddling, or jigging
II
-an operation which is.
r-====;;;;:...;;;~===--.) I
performed principally on
the rubbish produced in
rr=:!.!::::::...!:::=======::::======::::{I \.; ___ breaking the ores. 'rhis.
- ri ~ may hedone by hand em~ ploying a kind of sieve
or riddle, the bottom of
which is covered by a plate of metal pi-erced with holes, which is jerked
up and down, with a partially rotatory movement, in a cistern of watm: ..

'l

1

L
1
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The water enters the orifices and holds the particles of ore and gangue
suspended for a moment, when they arrange thernsdves in the order of
their specific gravities, and are thus deposited in the sieve, and afterwards separated, the upper portion beiug removed by a spatula and reFig. 39.
jected. Figure 39 represe11ts
a simple and effective instrument now used in the Harz
for this purpose. The sieves
or riddles are in this machine fixed, and the water is
made to as<;end and descend
through them by the alternate
vertical motion of a solid piston. By this arrangement the
process of riddling can be performed with great ease and
perfection.
The copper can be perfectly
·
.
u__13U1JJ:~~.·.-;;~<-_
. -s__=
-.-==~
==-:::~iJJ
separated from th~ gangue in
~~~
the Lake Supenor ores by
=-----'='~==
- ---- -- - --washing the deposites which
have accumulated in the labyrinth by means of what are called sleep'i ngtables. Figure 40 represents a section of the common sleeping-table.
Fig 4@.

It consists, in general, of an inclined board, at the elevated end of which
a stream of water is made to run upon the mixed 1nass of pulverized
metal and gangue. The water, as it descends the inclined surface, car. ries with it the particles, which teud constantly to deposite themselves in
the order of their speeific gravity; the heaviest nearest the upper end of
the tal'le. A workman, with a kind of rake, continually pushes the descending materials upwards, till the metallic portions have become sufficiently separated from the particles of the gangue. The former are then
removed by opening a ·slide, through which they are allowed to fall into
a suitable receptacle beneath. 'The same processes are repeated till a
complete separation has been effected. The washed metal is then packed
in strong casks aud transported to the furnace, where the smelting is performed, 1illd the copper is cast into suitable shape for the market.
.
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CHAPTER VIII.
DRIFT OF THE LAKE SUPERIOR LAND DISTRICT.

Inlroductory remarlcs.-Drift of the valley of the St. La'llirence.-Of Lalce
Superior.-Division of the drijts.-Peculiarities of the coarse drifts .Names given. to the drift elm;.- Th ,ckness.--Composition.-StratifiCIItimL-E.xtent -Origin.-Drijt s11nd and gravet.-Composition.Thickness .-E~~·tent . -Stratijir:ation.- Cor;nposition.- Origin.- Influence of the u;aves.-In:fr)rencP.-Boulders.- Tlteir size and distribution
and mineral composition.-Origin.- Trwlsportation.-Limitation.Their relation to the drift.
.
The region of the great lakes may be considered as the headquarters
of the North American drift. From the mouth of the St. Lawrence to the
borders of Lake Superior there is hardly a spot where the drift deposites are lost sight of. They generally form low, level plains, but sometimes rise in high bluffs and terraces, aud again merely cap the promontories of the bolder cliffs.
Throughout this loug line of inland country there is, however, no place
where these formations are more extensive than on the southern shore of
Lake Superior -more especially its southeastern coast. There, they not
only constitute the only visible formations f(H nearly one hundred miles,
but they also attain an astonishing thickness, so as to form, by tb emsel ves,
ridges and cliff::; which exceed in hei ght even those of the Pictured Rocksbeing in some places (for example, at the Grand Sable) not less than three
hundred and sixty feet high. In consequence of this preponderance
of the drift deposite, that portion of the shore of the great lake is the least
attractive in a picturesque point of view-it being in the nature of the detrital deposites to soften down the contrasts, and to produce uniformity and
monotony. ,-rhe d1ift is less conspicuous along the western portion of
the lake shore, although it is not wanting even among the romantic and
precipitous cliffs of the Pictured Rocks and the Red Castles . The great
difference which exists in the owgraphical and geological structure of the
ea~te1n and western portion of the southern shore has exercised a power·
fnl influeuce upon the drift. Since the peninsula of Keweenaw Point,
which projeets ~o boldly into the lake, divides the whole country into
distinct regions, both in a mineralogical and geological point of view, we
may as well consider it also as a dividing-point for the drift-the more so,
as it Js now, and lnng will be, the general landing-place for all those who
visit th e dhores of Lake Superior . vVe shall therefore start from Kewee.
naw Point, to examiue first those drift deposites which extend to the west
of it alotJ g the copper region, and afterwards those which line the coast
as far as the Saut and the ~traits of Mackinac.
Bef<.we \Ve proceed to the investigation of the peculiarities and distribution
o( the drift masses in either of these regions, it will be proper to give a brief
account of the different divisions which we have recognised. 'I'he drift
of Lake Superior may be divided into four different deposites, which, in an
ascendiug order, exl1ibit the following characteristics:
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1st. A layflr of coarse materials, composed of pebbles intermingled with
loam, which we will designate as coarse drift.
2d. A layer of clay resting either on the coarse drift, or, where this wanting, on the rock. This is the drift clay of Lake Superior.
3d. A deposite of sand, gravel, and pebbles, irregularly stratified, resting
upon the clay, or upon the rock itself.
4th. A cvn~iderable number of isolated boulders, scattered over the whole
region, forming tile uppermost portion of the drift deposites. The polished.
and grooved surfaces which occur in connexion with the drift constitute,
likewise, a most important feature in its history. Finally, there are the
drift terraces and ridges, which likewise deserve a close examination, in
order to ascertain their bearing in reference to the changes of level which
have taken place during and since the drift epoch.
1. Coar,,e dtift.-This deposite is the least conspicuous of all. It is
found only in a few places along the southern shore of Lake Superior,
generally capping the high towering cliffs of sandstone, (as, for example,
at the Red Castles, west of the Portage, and also at the top of the Pictured
Rocks.) It is gener3lly a mixture of loam and fragments of rock of
different size-sometimes worn, but more generally angular. As a leading
feature, we may state that it is almo~t exclusively composed of fragments
of the rocks in situ, showing that, whatever may have been its origiu,
it could not have been acted upon by long-continued agencies. After a
careful examinatiou, I found but few foreign pebbles, mostly of trap,
scattered through the mass~ atJd evidently derived from the neighbor·
hood. The whole mass is nowhere more than thirty feet thick.
We
ought to add furth er, that in many places the pebbles may be see n disappearing gradually, and the whole passing into a regular drift clay.
This deposite might, perhaps, seem hardly worth mentioniug, \vere it
not that its peculiar structure and its position remind us of a similar deposite widely diffused throughout New England, especially in the mountainous districts of Vermont, where it forms the most conspir.uous feature
of the drilL
2. Dr~ftclay, or red tlay.-Tbis deposite has been ]ongago recognised
as a peculiar one, distinct from the drift-gravel and sand above it, and the
coarse drift beneath it. It has been described by the geologists of the
Michigan State survey as the tertiary clay of Lake Superior. From its
red color, which is one of its leading features, it is also called by some
red clay. It is difficult to determine its average thickness, from the fact
that, in many places where it is highly developed, it sinks below the waters
of the lake, and in other cases, \Vhere its base is visible, its top has been
partly washed away. 11 here are, however, some places (for example, at
the western portion of the Grand Sable) where it may be seen undisturbed
in its natural position, its base resting on the almost horizoutal strata
of red sandstone, a few feet above the water, whilst its top is covered by
a considerable mass of drift sand.
I found the deposite in this place to
be sixty feet in thickness, exhibiting lines of stratification disposed
with mnch regularity. Its upper limit may be here seen stretc:lliug in a
horizontal line for a long distance. We may well consider thi-> locality
as iudicatiug the average thickness of the clay. However distinct the npper
limit of the clay may be in general, it is also seen in many localities alternating with the sand above, or passing gradually into it-thus showing
that both derosites, although of ditTerent materials) belong, nevertheless,
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to the same formation, and therefore that there is no real ground to conAs far as its
sider the clay as being a part of the tertiary formation
composition is concerned, it appears to be a mixture of loam and clay,
and its color is owing to the d~composition of the red sandstone and trap
from which it has been derived. Though the main i11ass of the clay
stratum is composed of very finely comminuted substances, and oftentimes reduced to an almost impalpable powder, yet there are many
pebbles interspersed through it, and even boulders of considerable size,
generally rounded and smoothed. Fragments of metallic ores and native
copper occur occasionally in it-the latter sometimes weighing several
hundred pounds. It was by means of the fragments of copper scattered through the clay that the attention of the early travellers was_ first
attracted to the copper mines of that region, which are now so extensively
wrought.
As a whole, the great clay stratum of Lake Superior cannot be considered as being regularly stratified, though there may be seen in many
places band~ of different color, and differing in the size of the materials,
resembling in their regularity a kind of stratification. Neither is there
any striking variety to be observed between the materials, either at the
base or at the t9p; so that the conditions under which the deposite was
formed must have been uniform, and rather quiet.
As to its extent, it appears, from what we know, to be spread over an
immense trCict of country. Not only is it found along thew hole southern
coast of Lake Superior to Fond du Lac, and along the St. Louis river as
far as geologists have extended their invest.igatious, but it occurs also on
the north shore, where it has been traced for a considerable distance along
several rivers which empty into the Jake. It was 0bserved, however, by
Mr. -Whittlesey, that to the northwest of Lake Superior the drift assumes
an ash-colored tint, which is owing, no ·doubt, to the absence of red sandstone in these regions.
If we were to consider merely the position of this clay as it appears
on the southern border of Lake Superior, forming, as it does, a regular
stratum, resting upon the red sandstone, and being limited to a certain
Jaeight, where it is followed by the drift sand, we might well conclude
that it was deposited in a circumscribed basin. This is, indeed, the impression which a traveller might receive if be were n01.erely to coast aronnd
the lake. Such an impression would be, however, entirely Nroneous;
for, in ascending the highlands which rise behind those cliffs, we meet
again with the same clay at an elevation of from six to eight hundred feetas, for instance, near the Jackson location on Carp river, and in several
places along the road leading to it. It also forms lofty clifl's on the river
Ontonagon-as high as five hundred feet. In all these places its composition is the same as along the lake shore, being quite as comminuted, and
forming the same sticky loam when wet. It ought ~o be ol:>served, however, that, on the whole, it seems to be limited merely to the deprr.ssions
of the soil, and never to cover the culminating points.
3. Drijt sand and gravel.- This is the most widely diffused of all the
drift deposites along the shore of Lake Superior, as well as over the whole
northern part of the country. It not only covers the clay deposite in most
of the localities where the latter has been observed, but also extends over
many places where this does not reach. We have stated that the clay,
even at its highest level, was generally limited to the depressions. The
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drift sand and gravel have no such limitations. It is found on the uplands and along the slopes of the hills, as well as in the depressions.
Although separated from the drift of the western prairies by the dividing
ridge between the upper peninsula of Michigan and Wisconsin, yet in
many places, where the ridge is not of considerable elevation, it may be
seen passing directly from one slope to the other, especially on the southeastern corner of the lake-as we shall have occasion to show hereafter.
It is likewise said to pass from one slope to the other at the south western
border between the lake and the headwaters of the Mississippi. It is
found on the highest summits of the Pictured Rocks-nearly two hundred
feet. Its relation to the drift clay can be easily ascertained merely from
the state of the roads and trails, which are generally dry and pleasant on
the drift sand. No rule obtains as to the composition of the drift·sa11d
and gravel, either in reference to the size or t~e mineralogical character
of the materials.
Layers of fine sancl alternate in every possible way with layers of pebbles-sometimes by a gradual transition, at others rather abruptly. The
pebbles themselves are composed of all kinds of stone-some from the
immediate neighborhood, O(hers fmm places more remote. They are
generally rounded and smoothed, showing that they must have undergone a prolonged and violent motion, such as could have taken place only
in the water. The same is the case with the boulders imbedded in the
mass, of which there are many of considerable size-from .five to six feet
through. Many of the boulders are also covered with scratches, such as
could have been produced only by a violent and steady rubbing. We
would state, besides, as a further peculiarity of the drift pebbles and
boulders, that they are genera11y clean, there being no loam or mud attached to them-a peculiarity which is in itself sufficient to distinguish
the gravel drift from the loam deposites of coarse drift before described.
The thickness of the drift-sand and gravel, like that of the clay, is best
ascertained along the shore of the lake. There seems to be a sort of antagonism as to the relative thickness of both deposites between the eastern and W(:,Stern portions of the lake shore. Whilst the clay seems to assume its greatest thickness west of Keweenaw Point, the sand and gravel
seem most developed to the east of that point. Its grea est thickness we
found to bear Grand Sable, where the coast rises, according to Mr. \iVhitney's barometrical measurement, 360 feet above the lake; and since the
clay stratum underneath is only sixty feet thick, it gives an amount of
three hundred feet for the sand and gravel deposite. From that spot the
same drift deposite may be seen extending in the form of a high cliff to
the southeast, generally some miles disttlnt from the lake shore; until it
reaches it again at Point Iroquois, where it rises almost to the same
height-345 feet; thence it sinks gradnally towards the .3aut. A further
peculiarity of the drift-sand and gravel deposites we would mention-their
irregular and undulating surface, espeeially where they cover wide tracts
of country: as, for instance, in ~he plains of VVisconsin and Illinois,
which, from this feature, have been denominated rollin~ prairies, in opposition to the level prairies, which are mostly all uvial. The shores of
Lake Superior are, in this respect, less striking-owing, no doubt, to the
fact that the c0untry is less level, and also in consequeace of the forests
which cover the ground almost everywhere. The summit of the Grand
Sable, as will be noticeJ. subseqnently, is the place where this undula-
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ting appearance is most striking on the lake shore. There can be no
doubt that, as a whole, the drift sand and gravel is a stratified deposite,
although the slratification is perhaps more imperfect than in any other sed·
imentary formation. The strata are generally the most distinct where the
mass is composed of fine sand. 1,hey are less conspicuous in the gravel,
except where it alternates with layers of sand or clay, in which case the
separation iuto layers is sometimes very distinct. As a frequent occurrence, we would especially mention those irregular layers which have
been designated under the name of cross stratification by some, and of
discordant strat~fication by others. There may be sometimes seen in a
single section three, four, five, and even more plans of stratification,
forming among themselves all sorts of angles-some horizontal, some
slightly incliued, and others almost vertical. Instances of such stratification are to be seen all along the coast of Lake Superior, in the drift as
well as in the alluvial sand . They are less f!·eqnent where the deposites
assume a more loamy character. It i ~ well known that this discordant
stratification is not limited to the quarternary deposites, but occurs in
sandstone of every age. Along Lake Superior, where the drift-deposites
rest immediately on the Potsdam sandstoue, it is a rather impressive sight
for a geologist to witness, side by side, this structure both in the oldest
and most recent of the sedimentary formations, thus showing that the same
laws of deposition, even in minor details, have prevailed at all times in the
formation of the earth's ernst. Son1e doubt still exists as to the cause of
these singular slratifications. The attention of geologists was first directed to them in the recent deposites of the valley of Switzerlancl, where
two rivers (the Rhone and Arve) meet.
They were ascribed by M.
Necker to the disturbance caused by the meeting of two currents of variable strength, contending with each other in the same bed, whence the
strata resulting from this conflict were called straNjicatious torrentielles.
In this way the Swiss geologists succeeded in explaining, not only the
variable inclination of the strata, but also their difference of materials,
when it happens that one of the currents carries coar~er substances than
the other. It is evident, however, that this explan~tion does not apply
to the similar structure of the sand deposites along the sea and lake
shore, where the conflict is no longer caused by rivers, but by the eontending forces of waves and eurreuts . We know, for iu stance, that in
some shallow harbors-that of Charlestown, for example-the pilots have
to make out the channel after every severe gale. rrhis sho\vs that the
waves exert a strong inf:lnence upon the bottom, where it is shallow
enough to come within their reach; and since, from the nature of the
waves, we must suppose their a•~ ti o n to be broken aud unsteady, we
might well expect such irregular strata to be formed wherever the waves
and tides come in conflict. Along Lake Superior there are uo tidal currents _, as far as we lmow; but the cmrents resulting from the changes of
the wind are stroug enough to account for similar couflicts. lf this explanation be true: we might thell eJtpect such discordant stratification
wherever the water is shallow PllOngh to allow the Lottom to be stirred
up by the waves.
Indeed, there is every probability tbat all sand and
sandstone formations which exhibit a similar structure have been f()l·med
in shallow water-an inference which, as far as the drift is concerned, is
confirmed by other considerations, which we shall examine hereafter.
4. Boulders.-Of all the drift deposites) the b0ulders have) from all
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times and in all countries, excited the greatest interest, in consequence of
their size, as well as of their position. The mere view of a huge block
of granite, situated, as it often happens, on the summit of a hill, ·whilst
the rock on which it rests is of limestone or sandstone, is sufficient to
excite the curiosity of every thinking man, as to the place from which
this stranger may have come, and as to the mode by which its transportation was accomplished. ·we <:mght not to be astonished, therefore, that
most of the theories whir.h have been imagined to solve the problem of
the drift should refer chiefly, if not exclusively, to the boulders. From
looking at them in a too exelusive point of view, most geologists have
misunderstood their true signification; they have overlooked the other
more regular deposites with which they are connected: thus forgetting
that the boulders form but a part of the drift formation, and represent but
one single though striking event in a long period of the earth's historythat of the quarternary epoch. This \Ye consider the chief cause of the
insufficiency of most of the theories. Before we attempt any explanation, our object will be first to examine their peculiarities, as exemplified
in t~1e region of Lake Superior -which we deem the more important, as
this region seems to have been the point of departure for many of them,
scattered far and wide over the country. Boulders of every ~ize and
description occur in great numbers aloug the whole southern shore, and
are said to be as numerous along the north shore. As a whole, they did
not strike me by their dimensions. They do not by any means equal
those huge masses found in Switzerland and in many paris of New
England. The largest boulder which I noticed was one of hornblende,
near Carp river, measuring 15 feet in length, 11 in width, a11d 6~ in
height; another, near the Portage, measured 8~- feet in length and 5 in
width. On the borders_of Lake Superior, as in all other countries where
drift occurs, the boulders are the most widely diffused. They are scattE:red over ~he whole country, aud may be seen at all heights, where no
other drift deposites reach. 'rhey are truly the vanguard of the drift formation, in height as well as space. Even the dividing ridge, where it
rises the highest, does not limit their extent; for they have been found as
high as one thousand feet above the lake ~outh of the Anse, and may be
from thence traced uninterruptedly along the southern slope of the ridge
into the prairies of \Visconsin and Illinois. As to their mineralogical
composition, there is every variety of rocks to be found, and in many in·
stances they may be traced to their origin at no very great distance. We
thus seon accustomed ourselves not to look any longer upon them as
strangers, as we do where there is no analogy whatever between them
and the rocks on which they re:'5t. Among the most numerous boulders
along the lake may be mentioned those of granite, trap, and hornblende
rocks, which are common to both shores. Boulders of sandstone are
less fi·equent, in spite of the great predominance of this rock along the
south shore-a circumstance easily accounted for by its greater softness,
which renders it the more destructible. As a general rule, it may be
stated that most of the boulders scattered over the Lake Superior region
have not come from far. 'This is of the utmost importance, since it actually enables us to trace the route which they have followed; and as to
their direction, I feel no hesitation in affirming that most of the boulders
within the region of Lake Superior have been transported from north to
south. As instances of this southerly transportation, I shall state the
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following facts. The iron region of Lake Superior is situated near Carp
river, east of Keweenaw Point; and, although the ridges where the iron
ore occurs are only some ten miles from the shore, yet there is not a single boulder, nor even pebble, of iron to be seen north of the ridges. This
ore, of which there are innumerable fragments scattered at the foot ancl
in the immediate vicinity of the ridges, is so conspicuous, from its banded
structure, that it would undoubtedly have been noticed, if it did occur at
all north of its origin. In going from the iron ridges towards the south,
iron pebbles and boulders occur in abundance, and may be traced for
some distance. Thus, in September last, Mr. Whitney, starting from the
ridges east of the Jackson location, traced boulders ef iron ore all along
his route towards the Escanaba river, some twelve miles ofr; and they
might probably be found still fl.uther south, were it not for the swampy
character of the country. This southerly transportation is furtl'l.er confirmed by the boulders of the beach itself, which point to the north shore
as their birth-place. This applies especially to the copper region west of
Keweenaw Point. There trap and sandstone are the only rocks in place;
and yet among the boulders scattered over the surface there are many of
' granite and hornblende, which have evidently their origin on the opposite
shore, ~here -vve know these rocks to be very abundant. 'Thus it happens that, when travelling from south to north, the appearance of a, new
formation is always indicated by the occurrence of single boulders of it,
whilst lil.othing of the kind takes place when travelling from north to
south. This precession of the boulders is especially striking among the
ridges of the iron region north of Carp river, where there is often a great
variety of structure in the rocks of the different ridges. There the valleys between the different ridges contain, for the most part, boulders from
the next ridge to the north. There are also instances where a ridge did
not allow the fragments of the preceding ridges to pass. A striking in.
stance of this has been observed by Mr. Hill west of the Jackson location, where the slate and iron boulders are heaped up in great quantities
on the nMthern slope of a greenstone dike, whilst there are none on the
granite slopes south of this dike, which has therefore acted as a barrier,
preventing their transportation further south. This limitation prevails,
however, only within the hilly portion of the Lake Superior region, between the lake shore and the dividing ridge. South of the ridge nothing
of the kind seems to occur. There being no further barrier to check
their course towards the south, they have travelled even to the very limit
of the drift deposite; and thus it happens that boulders of the Lake Superior region are found as fa.r south as the 0 hio-that is to say, more than
six hundred miles from the dividing ridge, the nearest place from which
they could possibly be derived. 'Ve think, therefore, that there is satisfactory reason to consider the region of Lake Superior, and especially the
rim of cliffs and hills which surrounds its basin, as the birth-place of the
greatest quantity of boulders scattered over the western States of the
Union between the Alleghany mountains and the Mississippi; and from
this consideration, the region of Lake Superior, more than any other, deserves a close attention on the part of the geologist who attempts to solve
the problem of the drift of this country. By far the greatest quantity of
boulders on Lake Superior, as well as elsewhere, are situated on the surface, above all other drift deposites. This, of course, is in itself a proof
that they have been deposited posteriorly to these formations. But be-
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cause they are of a more recent origin, this does by no means prove that
they are disconnected from the other drift deposites. \Ve have seen that
an abundance of boulders are to be :fimml both in the drift-clay aud sand
of Lake Superior. The only difference between them is, that whilst
those of the surface are often more or less angular, those imbedded in the
clay and sand are generally more rounded, and often scratched and
striated-a peculiarity which we shall afterwards attempt to explain.
Now, as the boulders within the drift are of the same kind as those of
the surface, and have, like them, a northern origin, (though sometimes
not a great way off,) we are naturally led to the inference tl•.l3t they were
transported by the same agencies, which must, therefore, have been at
work during the dep9sition of the drift period. Moreover, this agency
must have been as powerful at the time of the drift and clay deposites as
afterwards, since we know that many of the included boulders are as massive and as heavy as those of the surface. It is evident, therefore, that
no theory can be admissible which d0es not at the same time account
satisfactorily for the transportation both of the boulders of the surface
and of those of the drift-sand and clay.
5. Grooved, s~:ratcked, and polished rocks.-Whatever 0pinion we may
entertain as t<3 the cause and origin of the drift, there is a point upon which
all geologists who are familiar with the subject agree, viz: that there is
an unquestionable connexion betwepn the drift-deposites and the rounded,
smoothed, and grooved appearance of the rocks upon which they
rest. Wherever drift occurs, it is associated with that peculiar appearance of the ledges, which is instantly recognised. The surfaces are the
more perfect, as the rocks are harder and less prone to disintegration.
Thud n our district tlaey are most distinct on the trap and compact ~lates; less
so on the granite and compact limestone; and are not expected to be found
on the sedimentary limestones. In many places the striffi and furrows
have disappeared in eon sequence of the disintegration, and there remains
nothing but the rounded outline of the rocks, which, from their resemblance to fleecy clouds, have been called, in the Alps, fleecy rocks.
In many instances the polished and grooved surfaces are coneealed by
the drift, and are not visible until by some means the deposite is removed.
This explains sufficiently why w general a phenomenon should P-ave been
for so long a time overlooked by geologists; for it is only about forty years
since it was first mentioned, and only ten years since it was brought into
general notice. One striking peculiarity of the rocks subjected to erratic
agency consists in the fact that, whilst one side is smoothed down, the opposite side is rough and angular, as if it had been sheltered from the abrading
process. These are known as the lea and strike sides. By means of this
feature we are enabled to recognise the direction in which the erratic agency
eperated, even whme there are no scratches. The lea side is invariably
to the south over the '~hole of this district-a feature which we ought t(}
expect, when we consider the origin of the groovings.
.
As a leading feature of all groovings, we may mention their straight
course. Whatever the direction, they are in straight lines, whether continuous or interrupted-thus showing that they must have been formed by
an agency imyielding and steadily applied. There is but one instance
where curved striffi have been 0bserved in this region, which will be noticed hereafter.
Groovings of all sizes occur. The most common form is that ofparal·
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lel furrows from one to two and four lines wide-sometimes extending out
a foot, at others many yards. Where the rock is excessively hard they
are mere strire, which are often as distinct and sharp as though they had
been graven with the point of a diamond. Hollow spots are observed, as
though they haJ been scooped out ·by a round instrument; also, we ob·
serve wide bowl-5>haped depressions, known as troughs, and which have
been caused by the same agency, since they are always found parallel
with the strire. Instances of all these different forms exi'st on both shores
of the lake and on Isle Royale.
As to the direction ofthe strire in this district, it will be seen that, with
the exception of a few local deviations, they are northeast and southwesta direction which also prevails along the western shore of Michigan, and
in portions of the western States. 'rhis direction forms a striking contrast
with that which prevails throughout New England. There, they bear
northwest and southeast. We shall hereafter attempt to explain this singular
opposition in the strire of the two regions east and west of the Alleghanies, and show their relation in determining the leading features of the
continent.
6. Terraces and ridges.-The terraces and ridges of the great lakes
have of la.te attracted a good deal of atten tion 7 inasmuch as they have a
direct bearing upon the question of the changes of level which the surface is supposed to have undergone during the epoch of the drift. '1-,hey
may be. seen both on the south and the north shores of Lake Superior,
though they are less striking here than around the lower lakes, (Erie and
Ontario.) 'rhose of the north shore of Lake Superior hav~ been described by Mr. Logan. They are most conspicuous at a locality called
"Les Petits Ecrits," of which Mr. Eliott Cabot has given a fine sketch
in his Narrative. Those of the south shore have thus far been bnt little
noticed, probably because they occur chiefly in that portion of the lake-distri~t which is the least visited, viz: between the Saut aBd Keweenaw
Point. Beyond that point, there may be seen, in many places, along the
snore of the C<9pper region, high bluffs of drift; but they nowhere assume
that stair-like form which is the characteristic feature of terraces. To
avoid confusion, it might not be inappropriate to explain what is meant by
the terms terrace, bluff, and ridge, as we shall have to allude frequently
to them in the following descriptions. Drift-bluffs, or cliffs, are those
accumulations of loose materials which terminate abruptly in steep slopes.
The steepness of the slope depends in most cases chiefly upon the kind
of materials of which the bluff is composed. Thus, bluffs of clay are
steeper than bluffs of loam, and bluffs of loam steeper than bluffs of sand
or gravel. The term, terrace, is applied when several such slopes are
seen one above the other, so as to appear like the steps of a stair-case.
Ridges differ from terraces in having a double slope, and being, therefore,
real hills; whereas bluffs and terraces are merely the margins of plateaux.
In a geological point of view, the terraces are by far the most important
of these three forms, since they afford direct evidences of the changes of
level which have occu.rred since the deposition of the drift. rrhere can
be no doubt that, wherever terraces of stratified materials are found
above each other, the waters have once stood at so many levels. It
might be, and indeed it has been, inferred from this, that when terraces
occur along a shore, they ought to be found everywhere of the same size;
and hence, that when their level is irregular, it is a proof that the up-
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heaval was not uniform. This view, although correct in principle, is,
however, apt to lead to mistakes when applied without discrimination.
Fig: 41.
Suppose diagram 41 to represent a lake. ·Let the water sink,
or rather the land rise, at different
1 intervals, so as to reduce succes!sively the water-level from a to b,
j and then from b, to c. The beachline, (provided there be OJae,)
striking the shore in an uninterrupted manner, will be found everywhere
at the same level; but it by no means follows that the resulting terraces
will be found uniform around the whole lake. 'rhe error in this respect
arises from the fact that terraces have been too often mistaken for,
or confounded with, mere beaches. It should not be lost sight of that
terraces and bluffs are the result of the undermining action of the waves.
Their size and shape must therefore be determined by the force of this
agency. If a basin of water is so situated as to have one of its shores
exposed to the full force of gales, while the opposite shore is sheltered by
high lands, we may easily conceive of a subsidence of the waters from
a higher to a lower level, without at all altering the slope of the coast:
as, for example, on the left side of the basin, b, in diagram 41. In the
mean time, the right shore, not being protected, will be so acted upon as
to occasion a succession of terraces. Again, the destructive action may
be so effective in certain places as to wash off, in the course of time, even
the terraces of former levels, and to lea\-e only a single bluff, as indicated
by the dotted line.
There are many places along the lake shore where the peculiar shape
of the terraces and their diversity are to be ascribed to such a process.
Fig. 42.
The diagram 42 will render
•
this still more evident. There
can be no doubt that the water
upper
terrace,
m, foot
and ofthat,
~~~;~~i~~~~~ii~~
once stood
at the
the
~~~~~ while stationary, the upper

~
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0
bluff was formed. Afterwards,
the water-level sank, and another bluff was formed at n, and, still later,
another at o. The subsidence of the water must have been intermittentthe epochs of subsidence, which are indicated by the areas between the
terraces, being followed by intervals of quiet, during which the terraces
were formed. But this regular succession of terraces does not extend far.
It is limited to a small space in our diagram; and, as we advance towards
the left, we see the intervals between the terraces growing more and more
narrow, till they completely disappear-being, as it were, crowded into a
single bluff B. Further on, we see the bluff itself increasing rapidly in height, and by-and-by disappearing entirely, leaving nothing
but a gentle uniform slope, A. In the above instance, the circumstance
that these different forms of terraces occur within a narrow space, and
pass gradually into each other, excludes at once the idea of a local
change of level. It must be evident to any one that they cannot but be
the result of actual causes. But, should they occur at great distances 7
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such differences might easily lead to error. Let us suppose, for a moment, that we know the above terraces and bluffs merely from tnnsverse
F1~. 43.
sections, (such as represented in fig. 43:)
would we not infer that the difference between the section, B, and section, A, resulted.
from the fact that B was raised higher than
A, and likewise that B and A were both
raised at once, whilst C was raised at three
successive intervals?* Thus, not taking into
account the action of the waves, and the position of the shores m reference to the predominant winds, (as exemplified in diagram 49,)
we might perhaps be induced to recur to extravagant hypotheses, call in aid even the trap
q___ dikes, and other paroxysmal agencies, to acc
count for features which are most readily explained by the mere play of
meteorological agencies.
However, we do not pretend to as~ert that the upheavals which laid
bare a great portion of the drift deposites have been uniform throughout.
"\Ve know that there are, almost in every drift country, undoubted proofs
of local changes of level afforded by the drift terraces; and we shall have
occasion hereafter to refer to such an origin for those differences of level
which are to be traced in an uninterruptP.d manner over vast tracts of
country, especially along the sea shore. But we should be careful to call
in such causes only when the phenomena cannot be otherwise explained.
Ridges are often associated with terraces, and have frequently been confounded with them. They differ from terraces in being aetu al hills, rising
from a plain, with a slope on each side. Sometimes they extend for a long
distance along the shore of the sea, or an inland lake-as, for instance, Lakes
Erie and Ontario', where they are commonly used as roads, being dryer
than the surrounding grounds. From their situation, as well as their position, these ridges have the greatest analogy to ancient beaches, and there
can be n0 doubt that many of them have no other origin. In that case
they are the most reliable evidence for ascertaining local changes. Beaches
have almost uniformly gentle slopes, rarely exceeding 12°; but there are
among the ridges some which are too high, with slopes too abrupt, to be
considered as mere beaches.
Since attention was first attracted to them in Sweden, where they go by
the name of msars, (which mean sand hills,) I shall designate them
henceforth by that name. There is every probability that they were formed as shoals, or bars, or banks, under water, rather than on the border of
the coast, since we know that such ridges are forming in our day in
shallow water both in the sea and large lakes. It oHght to be remen1bered
that the summit of these submarine ridges is not always even, nor their
bearing nceessarily horizontal; so that a slight inequality in their outlines,
especially if limited to a narrow space, does no more imply a local change
of level than in the case of the terraces before xnentioned. Sinee, from the
nature of things, raised beaches and rnsars are expected to oecur in the

.

~since the washing off takes place gradually, there is every possibility that the hJuffB, b,
was once lower, and that there were terraces indicating the former levels, (m, h, o,) as in section

C, c, but that they have been washed away. ·
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same localities, it must be left to the sagacity of the observer to determine
in each case to which class they belong. Instances of both have been
noticed, at numerous points, along the shores of the lower lakes, but they
are less frequent on the coast of Lake Superior, although not entirely
wantiug.
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CHAPTER IX.
DRIFT-CONTINUED.

Region west of Keweenaw Point.- Thickness of the drift.-Boulders.Furrows.-Poli,slzed rocks.-Keweenaw Point.-Absence of drift.-Isle
Royale, drift boulders.-Polished rocks.-Irifluence of the waves.-Direction of the furrows.-Strim occasioned by floating ice.-Iron region.Terraces.-Height at 'which the drift isjound.-Drijt of the sandstone
region.-Of the Stitnd region.-Grand Sable.-Terrar:es.-Dtift of
the St. Mary's rivt:r.-Mackmac.-Conelusion.
Drift of the copp,:r region west of Keweenaw Point.-The extremity
of Keweenaw Point is almost entirely destitute af drift, and, for a long
distance between Copper Harbor and Eagle river, the coast is lined with
trap rocks, sandstones, and conglomerates, almost without any covering of
loose materials, with the exception of some dunes near Eagle Harbor and
Eagle river. A geologist who should limit himself to the examination
merely of this portion of the coast, which is the most frequented, might
well imagine that the drift deposite plays 'but a very subordinate part in
this quarter. This impression, however, would soon vanish, if he were to
proceed some distance on either Ride of the point. To the west of Eagle
river, the coast is for many miles low, and composed of sand and gravel
belonging -to the alluvium of the lake. Beyond the Portage, tqe coast begins again to rise, forming high and picturesque cliffs of sandstone, which,
from their castle-like appearance, have been designated by Messrs. Foster
and Whitney as the Red Castles. The tops of these cliffs are covered
with a deposite of loose materials, composed of the detritus of the red
sandstone, which, from its structure and the absence of all stratification, I
am inclined to refer to the coarse drift, (although it is less coarse than on
the cliffs of the Pictured Rocks,) and may be se~n· passing by gradual transitions into the red clay. Its average · thickness does not exceed twenty
feet. This range of sandstone cliffs extends for some ten miles, after which
it disappears again; and beyond Elm river we meet for the first time with
high drift- bluffs, rising boldly from the water to ·the height of from eighty
to one hundred feet. 'rhese bluffs might easily be mistaken £w sandstonecliffs, from their color and steepness. It is only when approaching closer
to them that we become satisfied as to their real nature. The succession
of the strata is as follows: at the foot of the cliff is seen rising from the
water a stratum of red clay, very tough and sticky, some forty feet thick;.
above it a layer of sand from six to eight feet thick; still higher, another
stratum of clay not more than a foot thick; and covering this, a mass of
sand forty feet thick, which reaches to the top. 'rhrough the whole mass
of the sand, as well as of the clay, may be seen pebbles of different sizes;
among them those of limestone are by no means rare-the presence of
which may offer at first a difficulty, since there are nowhere in the neighborhood limestone strata, in situ, from which they might have been drrived. But we shall see afterwards that there is no real difficulty in the
way of explaining their origin, since that same limestone forms wide tracts
of country beyond the northern shores of Lake Superior. I noticed that
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these limestone pebbles were oftentimes accumulated in small layers near
the top of the bluff Among them were many fossils, which we found to
belong, without exception, to the Cliff limestone. l::Setween these bluffs
and the Ontonagon river, the coast is for the most part low, and lined
with shingle beaches~ 1.-,he drift appears only in a few places upon some
low sandstone cliffs~ My own observations do not thus far extend beyond
the Ontonagon; but, according to Mr. ·w hitney, there appear again drift·
bluffs similar to those just described, and of equal height, betweeu PrestJU 'isle river, and Black river-also, between the latter and the Montreal
river. In both places they agree in composition and st~:ucture with those
first described. There are, besides, high drift-bluffs to be seen on
several of the Apostle islauds, and also west of these islands, where they
are said to attain in some places a height from 400 to 600 feet. Though
the whole mass is generally designated as clay, yet there is but little doubt
that, on closer examination, there may be found also layers of sand above
the day . The thickness of the drift-strata along the lake shore, including
both drift-clay, gravel, aud sand, does not, however, give a correct idea
of its extent further inland. In ascending the rivers which empty into
the lake, we generally find the drift mass increasing considerably in thickness. rrhu~, for example, at the Cushman location, on the Ontonagon,
the bluffs of drift may be seen rising to the height of 125 feet above the
bed of the river. I noticed that there were also more pebbles and boulders
interspersed through the mass, and the distinction between sand and clay
seemed less strikir.lg. rrhe whole mass may, in some places, be called a
sandy loam, and seems to indicate, on the whole, a less regular and quiet
aetion. It is seen leaning against the trap rauges 4•Il which the Minnesota location is situated, and the upper sandy layers may even be traced
almost to the top of the ridge. The annexed secti0n, fig. 4.4, will give
an approximate idea of their disposition i11 the vicinity of the Ontonagon.

fls, drift-<'and; de, drift-clay.; S, sandstone; T, trap.

The Minnesota trap ridge rises like an island from the surrounding driftplateau and breaks off precipitously to the south. From this range, the
eye embraces within its scope the great longitudinal valley bounded by
the granite range on the south and the trap range on the north. The
whole c.ountry is covered with drift deposites, throngh which the different
branches of the Ontonagon and Sturgeon have cut deep ravines, forming
bluffs whieh are still higher than those before mentioned. Pebbles of all
sizes, ai1d large boulders are seen sc<:1ttered through the mass, and amo~g
them are found occasionaUy some of native copper. The limit of the dnft
to the south has not as yet been accurately ascertained. It reaches, acc_ording to Mr. Whitney, as far as the sources of the Ontonagon; and, smce
the dividing line hetween the northern and southern slope is not very
prominent, we may well suppose that it spreads in an uninterruptPd manner in that direction . On the whole, however, the distribution of the
drift west of Keweenaw Point is not so irregular as might appear when
seen from the shore. There are wide tracts of coast which are bordered
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by shingle beaches, and sometimes by dunes; but these are only on the
margin, and we need not go far inland to find the drift-bluffs. Even
where the coast is rocky and destitute of any kind of loose materials-as,
for example, at Copper Harbor-this want of drift is only an exception, applying merely to the' immediate vicinity of the lake; and we have only to
cross the first ridge to find it again.
Keweenaw Point, from its projecting position, is exposed to the most
violent action of the gales and waves, and we may indeed easily conceive of its shore being deprived of all loose materials. Nor is it the only
·place where this occurs; almost all the projecting points west of it are
likewise more or less barren; but in many places the drift bluffs which
line the intervening bays may actually be seen rising behind the rocky
promontories. There is but)ittle doubt that, if the country were cleared
of woods, there would be seen alnng the whole southern coast oflake Superi-or a line of drift-bluffs, in some places approaching close to the lake,
in others receding more or less from it, but yet forming a continuous terrae~, more or less elevated.
As to the boulders of this part of the country,
they are found scattered at aH'levels, not only over the whole surface of
the drift plateau, but also over the different trap ridges, where the driftclay and sand do not reach. I was shown, by Mr. Knapp, a boulder of
granite five feet long and two feet high, resting on · the very top of the
highest knob of the Minnesota trap ridge. 'I'his boulder has preserved its
angular shape, being hardly worn at all. There is every probability that
boulders are likewise found on the highest elevations ·of the country, and
continue without interruption from one slope of the dividing ridge to the
other, as observed in several places further to the east. As far as their
mim~ralogical eomposition is concerned, most of the boulders belong to the
igneous rocks, viz: granite, gneiss, trap, and hornblende.
There is but little doubt that in this portion of the country they are for
the most part, if not exclusively, derived from the nmthern shore of the
lake, since, with the exception of some trap dikes, there are Ro similar
rocks along the iake west of Keweenaw Point. It might be asked, have
they not heen derived from the dividing ridge between the upper peninsula
and Wisconsin, since we know that granitv occurs there? But this would
suppose a transportation from south to north,-an analogy not observed elsewhere. 'rhe absence or scarcity of sandstone boulders should not surprise us, if we consider that this rock is much softer and more easily decomposed; its E1t~bris has probably been gl·otmd to powder, and forMed the
element~ of the drift-sand and clay, whi)e the trap and primitive rocl\s
have furnished the boulders and pebbles.
Glacial furrows and scratches are very scanty in this part of the country.
I have notice1l them only in one locality, viz: on the road from Eagle
river to the Cliff mines; they are on trap rock, and run north 15° east.
Drift phenomena~~ Isle Royale.-One of the most prominent features
of Isle Royale, which cannot fail to strike any traveller coming from the
sou th shore, is the almost total absence of drift deposites-the shore being every\vhere composed of barren roeks. With the exception of some
patches of coarse drift which are said to occur near the western extremity
of the island, there are no other quarternary deposites to be seen, if we
except some boulders which belong partly to the alluvium, and partly to
the drift. I consider, as belonging to the alluvium, those boulders which
are seen in several places accumulated near the water's edge, along the
southern shore of the island. As an instance, I would mention those
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which occur at the Siskawit Company's location, a few miles east of
Rock Harbor. The boulders are here very much crowded, so as to cover
almost entirely the ground for some distance; but they are limited to the
immediate vicinity of the shore, not reaching higher than twenty feet.
They are of moderate size, from one and a half to three feet in diameter,
generally rounde@ and worn. In examining more closely into their composition, I found them to fue for the most part trap, of the varieties known
as sienitic, amygdaloid, and varioloid, ,with some few . conglomerate
and s:;m dstone blocks-all of which occur on the island itself. This,
together with . their limitation to the immediate vicinity of the shore, leads
me to believe that they belong, like those of the Saut, to the alluvium.
Boulders tire much less numerous in the interior of the island; and the
opinion was even entertained by some that they were entirely wanting.
In crossing the island, however, along the first tier of sections in range
37, I succeeded in detecting a granite boulder in the vicinity of Lake
Desor, between the second and third ridge, at a height of 200 feet.
Others have been found in' similar positions -near the eastern extremity of
the island, by Mr. Foster,. at a height nearly as great. Scanty as they
may be,. they afford, nevertheless, a proof that the same agency which
scattered the boulders over the slopes and terraces of the south shore
had also operated here; and, since there is no granite to be found
on the island itself, there can hardly be doubt that they have been
derived, like the granite boulders of Keweenaw J)oint, from the Canadian
shore, where it occurs in gveat quantities.
Polished and scratched surfaces.-If drift deposites are scanty on Isle
Royale, the phenomenon of the erratic scratche~ and fl'urows is the more
apparent. The trap ledges being hard, the markings have been preserved with great distinctness; and these are rendered still more con.
spicuous by the denudation of the drift. I noticed particularly the polished appearance of the rocks along the eastern portion of the southern
shore of the island. The best opportunity for a detailed examination of
the glacial phenomena, however, is afforded at the eastern extremity of
the island, where several narrow spits or promontories projeet into the
lake. One of these is Scovill's Point,; it is rather narrow, with a gentle
slope on the south side, whilst the northern is very abrupt. The whole
promontory is' entirely barren; so th~t all the peeuliarities of the surface,
with its gentle swellinb"S' and deep, trough-like depressions, may be easily
embraced in a single glance. 1\tlr. Whitney and myself were struck with
the close resemblance which these rounded· and barren spots bore to some
of the higher portions of the ·Alps: as, for instance, near the Grimsel.
There is hardly a sharp angle to be seen on the whole promontory, except where it is the result of recent disintegration. , The trough-like de·
pre!"sions are just as smo0th as the knobs , and oftentimes filled witli.
water,, in which I collected several species of sh ells and a small fis h-~
speeies of ~tickel back.
The glacial furrow s, although greatly worn, wore yet easily distinguishable in several places on th e knobs, as well as in the trough s . . I
foun d their direction to be north 50° east. Even the northern side ofthe
promnntory is here, in spi te of its vertical slope, smooth ed and polished,
with distinct indication s of strice, sho wing that the grooving agenc:y has
acted on both slopes at once. T his is owing, no dou bt , to t be circumstan ce that the direction of Scovill's Point coincides precise ly \vith that of
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the striro, whereby both sides came under the influence of the furrowing
agency, whilst in other places there is but one side which has been acted
upon-the other (the lea side) being sheltered. The whole northern
shore of Isle Royale may be considered as one continuous lea side, in reference to the ftirrowing agency. Indeed, no sooner has the last promontory
of the island been turnecil, than the rounded and polished appearance of
the rocks disappears entirely. The shore, for the most part, presents
nothing but high, steep, and rough walls of trap, without any indication
whatever of a glacial agency, except on some of the isolated islands,
whose sides are occasionally smoothed, but only on their southern slope.
After having turned the western extremity, and passed Washington
Harbor, we meet again with sr;nooth and rounded ~urfaces; but, from
the nature of the rocks, they are less conspicuous. The shore being composed here of sandstone and conglomerate, it is not expected that they
would have resisted the disintegrating influence of the atmosphere as well
as the trap. Yet there are undouhted traces oL glacial action even on the
conglomerates, whose surfaces appear -rounded and smoothed, all the
pebbles being generally reduced to the same level. In some cases, there
may also be seen irudications of furrows on the sandstone, and even on the
conglomerate. Further east, towards Siskawit bay, where the sandstone
disappears and the trap again sets in, (see the map of Isle Royale ili1Messrs.
Foster & Whitney's report,) the scratches and furrows resume their
distinctness. Chippewa harbor deserves in this respect a special notice.
It appears, at first, as a mere notch in the outer trap ridge, its background being limited by a wall of highly polished surfaces of a very striing appearance. There are also seen in several places distinct marks of
striro and furrows, which show the same direction as those described
previously at Scovill's Point; namely, north 50° east. The most p>rominent, however, are on the left side, immediately at the entrance to the
harbor, where there may be seen not only strire and furrows, but also
powerful excavations, some ten feet deep, and from twelve to fifteen wide,
extending sometimes from fifty to one hundred feet in length. There are,
besides, in the background of the harbor, fine instances of rocks, polished
and worn by the mere action of the waves, which form a curious contrast
with the glacial surfaces above, being undulating and scooped out in every
possible manner, whilst the latter are remarkably uniform. The development of the furrows and strim within this harbor is the more remarkable
as the rocks outside show not the least indications of similar phenomenathe ledges along 1he coast being, on the contrary, very rough and broken.
This can be accounted for only by supposing that these rocks, which
are now so broken and irregular, were once just as perfectly smoothed and
polished as those within the harbor; but that; being brittle, and exposed to
the most violent action of the waves and gales, they have been destroyed;
whilst others, being more sheltered, have retained their primitive beauty.
There may also be seen in the background of Chippewa harbor an accumulation of angular boulders, which must have been stranded there by
ice very recently, for they are observed heaped up around large trees, vvhich
ceitainly have not grown in .this condition. Finally, Isle Royale affords
many instances of strange local deviations in the distribution of the striro.
On the shores of Ackley bay I found on the trap ledges, striro running due
east and west, and crossing others whose direction was northeast and
southwest, and others again running south 75° east. I noticed further,
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that all the strife, although very distinct, were limited to a narrow space,
not exceeding two feet above the surface of the water, and not reaching
more than 1! feet below, whilst the
Fig. 45.
barren ledges above, although rounded
~
and smoothed, did not show any distinct strice or furrows. In this case
we may well be induced to ascribe
their origin to the action of the ice
driven by the wind on the shore,
and rubbing against the rocks-sometimes in one direction, sometimes in
another. See figure 45.
The question may be asked, how it happens that, being situated in the
middle of the drift region, Isle Royale affords so few traces of it? I will
not conceal that this is a difficulty, since, although the island is very hilly,
yet the ridges nowhere exceed six hundred feet-a height at which drift
sand and even drift clay are found almost ev_erywhere on the main land.
We must either suppose that there has never been any drift on the island,
or else that it once existed and has been afterwards removed. The first
supposition would seem the most natural, were it not for the few erratic
boulders which are scattered over the ridges, and which in this case would
have been the only materials that the drift agency dropped. Now, it is
difficult to conceive how boulders should be isolated in this single place,
whilst they are everywhere else connected. Is it not reasonable to suppose that the island has undergone a general denudation, whereby all the
loose materials have been swept away, with the exception of a few boulders whic.h remain as witnesses of the glacial agencies? At any rate, we
ought to remember that this is not the only Sj!)Ot where such absence of
drift occurs. The extremity of Keweenaw Point, as we have previously
shown, is likewise barren of drift deposites; and here, at least, the supposition of a subsequent denudation seems to be beyond all doubt.
Drift deposites east of Keweenaw Po-int.-The shore of Lake Superior
east of Keweenaw Point may be divided, as far as the drift is concPrned.:into three distinct regions, in each of which it ;::tssumes a peculiar
character, and is connected with, or dependent upon, the orographical
structure of the country. These regions are1st. 'rhe granite and iron region, extending from the Anse to the
mouth of Chocolate river.
2d. 'The sandstone region, extending from Chocolate river to Grand
Sable, and including the beautiful cliffs of the Pictured Rocks.
3d. The sand region, extending from Grand Sable to the Saut, where
no other than quarternary formations are to be seen.
Drift of the granite and iron region.- The granite region near the
Anse, and the adjoining iron region back of Carp river, are both distinguished by their hilly character, being eomposed of a succession of ridges
running from NE. to s·w., and rising to higher and higher levels towards
the anticlinal axis. 'rhe projecting spits and promontories are generally destitute of drift deposites, but the jntervening bays are lined either by a drift
terrace or by shingle beaches of alluvial materials. That portion of the lakeshore between Granite Point and Chocolate river is particularly interesting.
For a long distance, especially in the vicinity of Carp river, it is lined by
a rather low terrace of drift, rising from twelve to eighteen feet above the
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water and composed of sand and gravel, sometimes distinctly stratified,
with specimens of cross-stratification, and sometimes containing a great
many large pebbles and boulders, so as to resemble coarse drift. In some
plac~s to the west of Carp river, Hear Worcester, the red clay is also to be
seen cropping out from the base of the tnraee, where its presence is
usually accompanied by numerous springs. In the rear of the first terrace, there is found another much higher, rising from fifty to one hundred
and fifty feet above the level of the lake. The latter is sometimes close
by the lower terrace, and sometimes it is separated from it by a space more
or less remote.
Fig. 46.
~ The figures 46, 47, and 48
~ will show the relative position of
i ~=!= the two terraces at three differ~-~-~~~~.::.::.:::::::~:::==~-~-·_______. ent points, between Worcester
and the mouth of Carp river,
Fig. 47.
within the distance of a mi]e.
As to its structure, the upper
-------------••• terrace seems -to be composed
altogether of sand finer than
=-~=~~-~~~~-:: that of the lower terrace, and
~~~~c._r-..:::..:::..:::.:::_-_::-_-_~_:-_-_:_-_:-_------~
· ____J with fewer pebbles and bould~
ers interspersed through it. If
Fig. 48.
we now ascend the upper ter.
J
race, in ;:>rder to explore the
country inland, along one of
F-----------~o the section lines, we find the
.r.
T he top of
---..-/ --------------·]" following 1eatures.
)ii'}";;r~"'-'B~~~~;c~~ =-----the terrace is a plateau, covered
generally with fine forests, without much undergrowth-the predominating
trees being maples, interspersed with large hemlocks, white pines, and
sometimes birches. and aspens. This plateau, which would no doubt
afford an exeellent soil for agriculture, rises with a slight slope towards
the south, till we reach the first of the rocky ridges running from NE. to
S W. where the drift thins out; the summit of the ridge itself being generally destitute of it, while boulders and furrows are of frequent occurrence.
This, however, is not the limit of the drift to the south, for it appears
again beyond the ridge, where it forms either another plateaux, if the next
ridge is at some distance, or fills up merely a valley, if the two ridges are
close to each other. A succession of rocky hills and drift plateaus er
valleys are thus to be traced almost to the highest elevation of the countrynear the dividing ridge, each following plateau or vall~y being commonly
at a higher level than the preceding.
In many places, the drift has been greatly washed off, and it is not unusual to find the margin of the upper terraces scooped out in deep gullies,
which are oftentimes to be traced for a great distance 01.long the smallest
rivulets. These gullies are very striking in the vicinity of the mouth of
Carp river, whe.re they reminded me of similar ones in the detrital deposites of Switzerland, which go by the name of "nards sauvages."
They afford sometimes aa excellent opportunity to investigate the nature
of the drift. By far the greater portion of the drjft deposite here, as well
as along the shore, is composed of sand. rrhere may be seen, however,
in several localities, distinct traces of clay-as, for instance, near rreal.
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lake. Boulders are found scattered over the whole surface of the drift de·
posites, as well as on the ridges deprived of it. Some granite boulders
have been observed by Mr. Hill even on the summit of Silver mountain,
fourteen miles southwest of L'Anse, at the height of one thousand feet
above the lake. Similar ones were noticed by Mr. Whitney and myself,
inland from Carp river, at a height of 900 feet. There may also be seen,
on the drift terraces of this region, indications of narrow ridges, composed
of gravel and pebbles, similar to the msars which occur along the coast
of Sweden. One striking instance of such rnsars, or ridges, may be seen
on the road leading from the Jackson landing to Teal lake, a few miles
from the shore. 'rhere can be but little doubt that, if the country was
cleared of woods, such ridges would be noticed in many other places_, for
they seem to accornpany the drift wherever it occurs in extensive tracts.
The eolor of the drift (of the sand as well as of the clay) is . that same
reddish-yellow which 'prevails west of Keweenaw Point, over the whole
of the copper region. There, it seems natural that it should have this
color, for it rests almost everywhere on red sandstone, from which it is
supposed to have been derived. Here, in the iron region, on the contrary, where the prevailing rocks are black slate, dark greenstone, and
ridges of iron ore, it. is evident that the drift cannot owe its origin to the
decomposition of these rocks, for, in that case, it would necessarily be
black, or at least very dark-colored. There is no other rock to which it
can be referred; but, since sandstone occurs here in the immediate vicinity
of the lake shore, the presence of red drift to the south affords additional
evidence that not only the boulders, but the drift -sand and day, have
.
been transported from north. to south.
Polis/ted and groov1d surfaces of the granite and iron region.- With
the exception of Isle Royale, the phenomenon of the polished and grooved
surfaces is nowhere more frequent and striking than in the granite and
iron regions. It is met with along the shore wherever a rocky spit pro.
jects into the lake, and in the interior wherever a ridge rises above the
common level of the drift plateau, or where the drift has been removed.
This frequency is owing to the fact that most of the rocks of that region,
and especially those which occupy a prominent position, are very hard,
and, therefore, have preserved most of the marks which have been
stamped upon them by the so-called erratic agencies. Indeed the rocks
are not only smoothed and polished in most places where they appear at
the surface, but also distinctly grooved and scratched.
· Along the coast, east of the Anse, scratches, furrows, and grooves may
be seen in several localities. According to Messrs .. Foster & Whitney,
all the ledges of granite and hornblende between Granite Point and Dead
river are distinctly smoothed and scratched. An island immediately east
of Dead river is especially remarkable in this respect. The rock, which
is very hard and tough hornblende, is nbt only grooved and furrowed over
its whole extent, but there are, besides, deep, trough-like depn:-s:>ions, with
perfectly smoothed walls, some twelve to fiftee n feet long, four feet wide,
and two and a half deep. Mr. Foster observed there two systems of
strice-one running north and south, and the other north 20° east and
south 20° west, the latter system being the deepest and most distinct.
Similar troughs were observed by Mr. Foster on Middle island, east of
Granite Point. Here, too, may be seen troughs four feet wide and two
feet deep, running, like the strice, north 20° east.
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The localities, however, where I found the strirn the most distinct, are
the promontories and islands near Worcester, two miles west of the mouth
of Carp river. The rocks are a very tough hornblende and chlorite slate,
which seem well fitted to preserve even the finest lines. · There may be
seen, near the mouth of a rivulet, several ledges whose northern slope
is covered with strirn as distin.ct as if they had been engraved but yester
day.
Indeed, with the exception of some localities on the black limestone in
the Vinoasky valley, Vermont, and some others on the slates in the fiord
of Christania, (Norway,) I do not remember having ever seen glacial
striffi so distinct. rrhe figure 49 represents a ledge with a slope of from 10°
·
Fig. 49.
to 20° at the water's edge, wl'lere
1/
they are the most conspicuous.There are tw0 distinct sets of strirn:
/ : ~. {/
those running north 55° east are the
~ , / _/--~ ,ijy
most numerous; tP,ose running north
~ ~~::' :;;; /~./~W
~o east the least .. The latter are dis~
_ :;:/;;:;-// g,O,~~/- 7~ tmctly seen crossmg the others, and
-,/ ~/
. ./ijf.'f/ _- are, therefore, more recent. Some of
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them
are,body
besides,
distinctly
curved,
as
if the
which
produced
them
had been deflected in ascending the
slope-a peculiarity not yet observed elsewhere. Both sets of strice
extend here but a little way below tl1e water-generally not deeper than
one foot. This is the most eastern point where strirn occur along the
shore, and, therefore, · the first which comes under the observation of
geologists, when coasting west. The strirn and furrows are not less conspicuous in the interior of the country, and may be traced at all heights,
and on all kind of rocks, in the neighborhood. I found them 500
feet high on the summit of the quartz ridge in the immediate vicinity
of Carp river; 750 feet on the iron ridge south of Teal lake; and as high
as 1,000 feet on a greenstone ridge near the water-shed.
Among the most remarkable are the strirn on the quartz, if we consider
the very great hardness of the rock; and, indeed; with the exception of
some quartz veins among the granite of the Alps, I know of no other
localities where the strice may be traced for any considerable extent on this
rock. The surfaces of these quartz hills are in some places so smooth
as to glitter like mirrors in the sun, and may thus he seen from far.
'rhe rock is too hard to allow deep furrows; the groovings are, therefore,
merely very fine strirn, but of such distinetness that one would think
them to fiave been engraved by the point of a diamond. Their direction
on the nearest quartz ridge is, according to Mr. Whitney, north 20° east;
but on the second ridge (at a height of 531 feet) I found their direction to
vary between 25° and 30°. No geologist can look at strirn on such a rock
without being convinced that the action of the water is utterly insuf·
:ficient to produ~..:e such effects. The same inference may be drawn from
the polish and strice at the top and along the sides of a very remark~ble knob
of conglomerate-quartz in township 2'7, range 25. Notwithstancling the
variable hardness of the pebbles of which this conglomerate is composed,
the strice on it may be traced in an uninterrupted manner s0metimes for a
distance of several feet, passing successively over a pebble of granite, of
hornblende, of slate, of greenstone, and of iron ore. Their average directiol'l
%
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Strice are also to be seen on

t~1e iron ridges, sometim~s on almost pure iron ore-as, for instance, on a

ndge along the road leadmg to the Jackson location, two miles south of
Teal lake. Their direction, as far as we could ascertain without a
compass, (whiGh is of course unreliable here,) is north 50° or 60° east.
Fmall y, I would make mention of a green magnesian rock, with vertical
walls, to the east, along the road leading from the Jackson landing to 'I'eal
lak~. 'rhe walls, although almost semi-cylindrical, are covered with strice,
whiCh may be traced along the surface;like hoops around a gigantic cask.
Fig. 50.
r-rhis is an important instance, since it goes to
show that the :-;trice could not possibly have been
~ade by an iceberg, or any other body floating
In the water, but that the agency must have
been such as to conform to the direction of the
rocky wall.
'
As a whole, the direction of the strice in the
sever::1l localities where they have been ob~
served within the granite and iron region are as
follows:
Main
direction.

Secondary
direction.

~- 20° E.
On Middle ii:land, east of Granite Point
N. 20° E.
N.-S.
On an island, east of Dead river N. 55° E.
At Worcester
N. 5° E.
On the first quartz ridge, one mile from the
N. 20° E.
mouth of Carp river
On the quartzose conglomerate knob, township 47, range 25
N. 50° 60° E.
On the Iron ridge south of Teal lake
N. 55° E.
At the Jackson .forge
N. 65° E.
Although there is considerable variation in the direction of the strice and
furrows, yet we cannot fail to notice that they all run east of north,
whilst we have thus far seen none running west of north. The direction northeast and southwest seems to be the prevailing one, especially
on the ridges in the interior. It is also, as we have seen, the prevailing
one on Isle Rovale. Along- the shore the direction seems somewhat more
northerly, ( N. · 20° 25° east,) corresponding to that observed on Keweenaw Point. Finally, where two sets are seen crossing each other-as, for
instance at Middle island-the northerly clirection has thus far proved to
be the more reeent one.
Drift of the sandstone 'region east of I(eweenaw Puint.-Th~ sandstone
region east of Keweenaw Point extends from the mouth of Chocolate
river to Grand Sable-more than sixty miles-including the high range of
the Pictured Rocks.
From Chocolate river to Traine river, for a distance of twenty-five miles,
the shore is bordered with low, all uvial deposites, with pebbly beaches
and hillocks of blown sand. Three small rivers empty into the lake along
this coast, nearly at equal distances from each other, viz: Fish river,
Latighing-Fish river, (RiviMe du poisson qui rit,) and Pebble river, (Riviere aux galets.) The rock in place is exposed to view only on a few promontories; but tht: land rises considerably in the rear, and there is every
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probability that, in following up any of these rivers, the drift may be encountered at no great distance.
After having passed Pebble river, the sandstone intersects the shore,
forming rather low bluffs, covered with a deposite of drift-loam from five
to ten feet thick. 'Then the ground rises suddenly to the height of nearly
one hundred feet. We noticed that its slope was covered with a strange
mixture of detrital materials, composed ot huge an gular fragments of
sandst0ne and of rounded granite boulders, giving it the appearance of a
vast accumulation of very coarse drift. Havin'g landed there, I soon
noticed regular sanJ.stone strata beneath the detrital covering, and satisfied
myself that this strange mixture was owing to the disintegration of a
soft layer of sandstone near the top of the eliff, which, in scaling off, h.ad
caused the layer above to crumble down, together with the deposite
of drift which caps the summit. The drift at the top of the cliff attains
here a thickness of twenty-five feet, and is remarkable for the quantity
of large boulders which it contains. Beyond this point, the sandstone
disappears again from the shore, and the coast is lined for some distance
with a drift terrace from fifteen to eighteen feet in height, in every
respect similar to that which we have described near Carp river.
Traine~ bay, which follows next, is lined with- shingle beaches and
dunes. Having ascended Traine river, which empties into this bay,
we reached the drift terrace, after having threaded the innumerable windings of its channel, through a low and swampy plain, at a distance of only
a few miles from the coast.
· The terrace averages from twelve to fifteen feet in height, and is composed of a reddish sand, with many pebbles scattered through it. 'rhe
san"l.e drift-:;mnd, although less loamy, prevails also around Traine lake,
some five or six miles inland, above the mouth of the river.
Beyond Traine bay, begins the range of the Pictured Roc.ks, the most
romantic portion of the southern shore, extending some ten miles from
Grand island eastward. 'I' hough highly attractive on account of its scenery,
this region ~s less important in reference to the drift, which plays here O'nt
a very subordinate part. However, there is seen at the top ot the high,
towering bluffs a stratum of loose materials from ten to thirty feet in thickness, composed of pebbles and boulde rs, intermixed with loam and sand.
I consider this deposite, like that fi}rmerly described as occurring on the
summit of the Red Castles, as belonging to the coarse drift. 'rhe most
striking feature is derived from its stru cture, being composed almost exclusively of fragments detached from the sandstone ledges beneath.
Although imbedded in a kind of loam, the fragm ents are but little
worn, whereby they differ essentially from the boulders and pebbles jmbedded in the drift clay. After a careful examin ation of the materials in
several localities, I finmd but few foreign pebbles among them, chiefly
fragments of trap.
There are some few places, however, vvhere a stratum of drift-sand may
be seen covering the coarse drift. Suc: h an in stance oceurs at the top of
the Grand Portal. It was at fir~t doubtful wh eth er this · stramm, which
is very homogeneour:;, had not, perhaps, originated from blown sand from
below; but, on closer examination, I found that it contained a certain number of rounded pebbles, which rendered such a supposition inadmissible.
* Traine is an antiquated French word, still m use arr o 1g tl1e Ca nad i<m French, for tmineau,
a sleigh. We heard from one of our voyageurs that there had becll , for a long time, an olJ tlleigh
near the mouth of the river: hence probably its name.
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The average thickness of this sand stratt1m, at the top of the Pictured
Rocks, does not exceed te~ feet, although it is in some places as thick as
thirty feet.
.
.
Along the whole range of the Pictured Rocks, there are but two l9calities where the high wall is interrupterl so as to afford a safe landing-place,
viz: at Miner's river and at Chapel river, near the Grand Portal. The
first of these two riyers empties into the lake m~ar a most picturesque promontory, which Mr. Whitney calls Miner's Castle. To the east of this
promontory extends, for the distance of nearly a mile) an alluvial plain,
covered with ancient beaches. .The drift appears at the surfiwe, but there
is little doubt that it may be found along the banks of the river. A con:siderable layer of drift occurs on the top of JYiiner's Castle, composed of a
whitish clay filJed with pebbles and fragme'uts of the underlying rock.
At Chapel river; the high cliff is interrupted for the space of half a mile,
where the coast is lined by a drift terrace some thirty feet in height, being
the border of a p]ateau stretching for several miles inland, and covered
with pi1~e openings. There, I had a fine opportunity of examining
the relaticm of the dTift to the sttrronnding cliffs. . At the western co,rner
of the opening, the different sandstone strata ate abruptly broken, some,
'
times stair-like and sometimes
Hg 51.
with bold projections. There,
I saw drift not only covering the lower-steps of this gi- _
gantic stair-case, but filling,
likewise, the space between the
projeetions, as 'shown by the
following diagram. It is obvious from this fact that the cliffs
of the Pictured Rocks had already, at the time of t{le deposition
of the drift, the same irregular
and broken outlines which rend. g. drift-gravel. ·s. sandstone.
der them so conspicuous now.
It is well known ' that the top of the Pictured Rocks is not mountain
nbr a ridge, but mere~y the margin of a sandstqne plateau, which rises
heie abruptly to the height of nearly 200 feet. Having ascended the cliff,
near Miner's river, we found the plateau almost level; yet, n1ost of the
rivulets, instead of emptying into tbe lake, run southward, so that the
water-shed is here near the very ·margin ®f the cliff. Although the sur1a·e:e of the plateau is thickly wooded and partly covered with swamps
'even <J,t its highest levels, yet wherever the soil is remo'v ed, we found the
underlying rock to consist of sandstone, and it soon became evident to me
~hat , the drift plays but a very subordinate part, being confined merely
,
·to some scattered boulders and pebbles.
No glacial furrows and groovings have been observed within this district,
~vhich is not. to be wondered. at, if we consider the riature of the prevaitt ng rock., bemg soft, ~nd ~a,s1ly decon,1posable sandstone.

a

DRIFT OF THE SAND REGION.

This region, the most important. as far as the drift is concerned, begins

..,~rhere the cliffs ofth.e Pictured Rocks, after having sunk within a few feet
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of the water's edge, are suddenly replaced by a high ridge of lose materials, called the Grand Sable. From thence, along the whole length of the
coast, to the Saut, a distance of nearly one hundred miles, there is no
other formation than drift and alluvial deposites to be seen. The latter is
the most prominent; but wherever the drift comes close to the shore, it is
generally in the form of high terraces, with abrupt slopes, exceeding even
the highest points of the Pictured Rocks-e.g, at Grand Sable and Point
Iroquois.
'rhe Grand Sable, from its peculiar and very striking appearance, deserves a more accurate description. The traveller, in coasting along the
beautiful and thickly-wooded cliffs of the Pictured Rocks towards the
Saut, after having seen the cliffs of sandstone gradually descend within a
few feet of the water, is suddenly struck by the appearance of a high,
naked wall rising immediately from the lake, and extending for many miles
in an easterly direction. (See diagram 52.)
,
The contrast afforded by such a barren tract in the midst of the dense
forests which extend all around is in itself most remarkable-the more so
as it seems, at first, to be nothing but a gigantic heap of loose sand. Indeed, since Schoolcraft first described it as a dune, it has generalty been
thus represented by all subsequent writers. Besides, the fact that the
cliffs of the Pictured Rocks to the 'vest of Grand Sable are of a very loose
and easily-decomposable sandstone, seemed to justify the idea that this
high sand-ridge might be nothing but the detritus of decomposed sandstone strata, heaped up hy the po,~er of the northwest winds, which are
known to be the prevalent ones on the lake. But yet, it seemed ditfieult
.to conceive that sand should' accumulate to the heigl<lt of 366 feet in
that single spot, whilst at other places along the shore-for example, at
White-Fish Point--the dunes should not reach higher than from forty to
fifty feet, though the winds are equally violent. Even along the seacoast,
under the influence of the oceanic gales, the dunes do not attain so great
a height; for those of Provincetown, on Cape Cod, which are certainly the
mo.-:t remarkable on this side of the Atlantic, do not · exceed eighty feet.
Having landed on the prom0ntory at the entrance of the bay, bordered
by the high, barren ridge, in order to investig<'\te the subject more closely,
we soon discovered along the partially naked cliffs a distinctly marked
line, (a,) which was found to be the upper limit of the red clay. (See
figure 52.)
Fig 52.
Above this clay was a mass of sand with indications of horizontal stratification, which, from
its appearance as well as from its position. we
recognised as the drift-sand.
-~-~ Taking this fa'c t as a standard, we followed
the cliff towards the east for some distance, and
were able to recognise all along, the sam~ relative position between the clay and sanil.. Thus,
we ascertained that the dune-like appearance is
----~.!!.owing merely to an external covering of loose
sand, and that the main body of the ridge is
made up of drift sand and clay, the latter appearing at the surface in some spots, which are
indicated by occasional clumps of dwarfish trees.
D. c.-Drift clay.
The Messrs. Whitney, having ascended to the
D. S.-Drift sand.
top of the sand ridge in order to measure its
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height, fo11nd our suspicion entirely confirmed, for they disco,vered at the
very top 9 layers and masses of coarse pebbles resting upon the sand, and
scattered through it.
These, of course, could not have been blown up from below. They
found the surface of the ridge very irregular, with deep hollows, and presenting to the south a steep slope, similar to that facing the lake, and
equally barren, but less high, being only fifty or sixty feet. Beyond, the
surface of the plateau was again covered with trees. The question will
be asked, therefore, how it happened that a mere ridge should be so barren, whilst along the shore the drift is covered with dense forests. The
cause of this peculiar feature lies, no doubt, in the fact that the drift is here
very loose and destitute of any loamy substance. If by any cause (wind·
falls or heavy rains) the vegetation be carried away, the sand remains exposed to the wind, and, being very fine ahd cl.ry, it is gradually blown off
and scattered over the surrounding country. Of this we have direct proof
in the isolated hillocks covered with trees which indicate the former level
of the plateau. These will probably .after a while also yield to the power of
the elements. Meanwhile, they give us the measure of the amount of the
materials which have been already taken off from the summit and scattered over the surrounding country.
There may be seen in many places along the slopes of the sand ridge of
Grand Sable parallel lines-sometimes horizontal, sometimes bent and undulated-which might at first be mistaken for lines of stratification. I am
rather inclined, however, to consider them as indications of successive
fallings of the sand coatings, which would take place _when the slope becomes too gre~t, as it happens with the snow on the steep slopes of the
Alps. Another similarity between these sand slopes and the snow-covered
walls of the high mountains, may be found in a peculiar fluted appearance
resulting from the falling off of small particles in the same direction.
Finally, there may be seen at the top of the long ridge of Grand Sable,
towarcls the eastern extremity, some irregular hillocks, more or less angular, which have all the appearance of genuine dunes, and which in all
probability were heape<;l up in the same way. Between them and the
true dunes there is only this difference, that the sand is derived from a
higher spot, instead of a lower one.
Between the eastern extremity of Grand Sable and Two-hearted river, a
distance of nearly thirty miles, the lake shore offers but little of interest,
being composed entirely of alluvium, covered and capped in many places
with dunes. The drift terrace appears nowhere on the coast, but is generally seen lining the horizon at some distance. At Twe> hearted river it
appreaches the shore within less than a.mile, and is composed of the same
red sand as further west. It rises here to the height of fifty feet.
At a distance of six miles east of Two-hearted river, another smaller
river empties into the lake, known as Carp river, but, to avoid confusion, it
has been designated on the map as Terrace river.
There, the drift again approaches the shore, forming a succession of terraces, which deserve a specml attention, as being the most striking instance
of this pesuliar structure along the south shore of Lake Superior.
There are, in some places, not less than six successive terraces, which,
when close to each other and combined with the beaches, appear from
the lake, like a gigantic stair-case leading to the drift plateau above, rising
to the average height of nearly one hundred feet-a height corresponding
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to that of the upper terraee of Carp river, as described above. Mr. Whitney, who measured the relative height and position of the terraces at a
place two miles east of Two-hearted river, found the following succession:
Height.

1. Gravel beach

5 feet.
2. Sand beach 12 "
3. First drift terrace
29 "
4. Second drift terrace -.
46 " ·
5. Third drift· terrace 75 "
6. Summit of plateau 94 "
The position of these different terraces, as well as their relation to each
other, is reptesented in natural proportions in the diagram fig. 53.
Fig. 35.
It will be seen that,
~
althoug11 the distances of
B
~he 'four upper terraces are
~
~
variable, yet their slopes
e
~
:t;
are: rather uniform, being on
~
;f ~
an averagP 30°. The slopes
.,E
~...;
-------------- so of the two lower terraces
~.u ~~ tg
~;:::
-------------------------·50 are, 0n tl1e contrary, muc l1
~ ~ ;
,c~=-=-:-:________________________
__ <!()less, being from 10° to
~ ~ ~____./
_
12°-a circumstance inti~
rna tely connected with their
~
origin, for they are true
beaches, having been actually built up by the action of the waves, whilst
the upper ones indicate merely the denudating action ·which the drift underwent-the crumbling down of the sand under the influence of the
waves, when the relative level of the lake and the shore was different
from what it is at present.
The several terraces thus indicate, in all probability, as many periods of
subsidence. Since the steepness of a slope depends chiefly upon the
nature of the materials of which it is composed, it is to be expected that
like materials will present a uniformity of slope; and thus it is that the
:slopes of all drift terraces are so constant. This constancy furnishes
.in itself a striking feature of the drift terraces, by which they are easily
.distinguished from mere beaches.
· The surface of the terraces is not always level, but undulating, and
,covered with ridges, as it appears from the above section. Some of these
ridges-for instance, that marked o, in the section-are probably ancient
beaches .
Indeed it is easily conceivable that, if the coast of Lake Sur>erior were
to be raised some thirty or forty feet, the two alluvial terraces, which
are now close to the water, would appear in the same manner upon the new
terrace, whose slope, would soon be the same as that of the upper ones.
Beyond Terrace river, the drift terraces recede suddenly from the shore,
and are not again seen until after having turned White-Fish Point, we
reach the bottom of rrequamenen bay. Thus, the whole country in the
vicinity of vVhite-Fish Point, comprising an area of nearly two hundred
square miles, and including the lower portion of 'Tequamenen river, is
nothing but a low, alluvial and marshy plain, which owes its origin to the.
action of the prevailing winds and currents.
Q)

tl)

- --- -- ------- - --- --- ----- - - - -- ----- --- -- - --------------------- Zll

Doc. No. 69.

213

Point Iroquois is, as we have stated before, a high ridge rising immediately from the water, and, in all probability, composed exclusively of
drift materials. From thence, the drift terrace is seen skirting the shore
along VV-,-aiska's bay as far as the Saut, where the Potsdam sandstone appears
agam below the drift deposites. 'rhere are, besides, in Tequamenen bay,
several islands, which se.:nn to be composed entirely of drift, containing a
great many rounded boulders and pebbles, frotn which have been derived
the stones used in the construction of the light-house at White-Fish Point.
Iroquois island, opposite the point of the same name, is m::tde up of like
materials. Here I noticed that a great proportion of the boulders and
pebbles were of sandstone, which leads me to believe that this rock must
be in place somewhert in the neighborhood.
Drift deposites along the St. Mary's river.-The same drift terrace
which we have described as skirting the southern shore of Lake Superior
is here seen. At the Saut, it attains a height of nearly 100 feet, and is
separated from the river by a level and swampy plain, destitute of any detrital materials except boulders, which repose on the sandstone. The terrace can be traced eastward-sometimes in the form of a regular plateau,
llnd sometimes in that of irregular ridges-until lost sight of beyond the
Neebish rapids. A corresponding one is observed on the British side,
but of more limited extent, separated from the river by a similar plain,
and ·b ounded on the other hand by a chain of elevated hills.
The phenomena of the glacial furrows are very marked in many places
~long the St. Mary's river.
In the vicinity of the Neebish, the rocks are
smooth and rounded, as though polished artificially, and glitter in the sun
like the finest polished surfaces 0f the Alps. The general direction of
the grooves is N. and S., and the rocl~s exhibit a lea and strike side.
Along the Straits of Mackinac the drift is rarely seen; but on the
higher points of land, limited patches are observed. Its position on the
islandof Mackinac is particularly interesting, where it is restricted to the
summit, forming a stratum 100 feet thick.
Accustomed to observe the drift occupying only the lowest depressions,
its position here at once arrests the attention. The following diagram
illustrates its relation to the older rocks and to the alluvial terraces:
Fig. 54.
Like the drift at the Saut, it
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~~r;~~i:!,!t~~~:~~~~1::alf~!

.._______--=::.;___;_:__-=====--=--___::;;,§~- geologist is in don bt as to the

a. Alluvial.
d. Drift.
l. Limestone.
real position of these patches;
but, after baving visited Lake Superior and examined the drift accumu1ations, he has no doubt whatever. To Mr. ·vvhittlesey belongs the credit of
having first suggested the identity of the two deposites. As this clay is
traced southerly along the sho,res of Lake Michigan, it is found gradually
passing into the blue clay of the west. Thus, the island of Mar;,kinac, with
its summits covered with drift, constitutr.s a most important link in the
chain of evidence to identify remote depo:sites, as belonging to a common
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e~och.

We are thus enabled to connect the drift deposites of Lake
Superior with those which form the plateaux of Wisconsin and Illinois.
Tho boulders on the island, which are numerous, rest upon, or are
imbedded in, the drift. From their external characters, it is i1:'1ferred that
they were derived from the northern shore of Lake Superior.
We can account for the peculiar position of the drift here, and its absenee on · Rou~d island and Bois Blane, only by supposing that it has
been removed by denudation.
The topographical engineers inform me that it is to be found on the
high ground in the vicinity of Point St. Ignace. Hence, we infer that
at one time it was spread over the entire area, and that a general denudation has taken place to the height of nearly 200 feet.
'
This denudating process, however, did not limit itself to the removal
of the drift materials. The island affords evident proofs that the more
aneient tocks have not escaped.
That curious and picturesque roek ·
known as the Sugar Loaf, which rises like a pyramid, to the height of
_n inety feet, from the surrounding plain, remains a monument of the ancient
water-level.
1 1here ean be no doubt that this denudation is to be ascribed to powerful currents of water, at a time when the general level of the cotintry
was different ftom what we. now behold it. That these eurrents were
long-eontinued, is proved by the many alluvial terraces which encompas13
the ~sland, of which we shall trea~ hereafter. No glacial furrows have
been observed on the island, or along the straits; but there is little doubt
that such markings might be traeed on the rocks, if the superficial mate'rhe soft porous limestone which here prevails, is
rials were removed.
ill adapted to retain such markings for any great length of time, when ex;posed to the -influence of atmospheric agencies.
CONCLUSION.

It is not intended here to give a general theory of the causes and origin
of the drift, since it would oblige ns to allude to many phenomena foreign to the district under eonsideration, and to diseuss the maBy systems
whieh have . been proposed by various authors to solve this great problem.
I shall, therefiHe, limit myself, for the time, to a brief sketcm of the principal periods which may be reeognised among the drift deposites of Lake
Superior. A mere glance at the relative,position and structure of the drift
deposites, as described in the foregoing pages, will suffice to prove that
the phepomena neither indicate a paroxysmal ageney, nor the opera1ion of
a single cause, however long continued. They dise]ose a long series of
events, which have resulted from causes highly diversified, and as yet bui
imperfectly known. ·we recognise the following periods in the history of
the drift of Lake Superior:
1. The period of the grooving and polishing of the rocks must be considered as the dawning of the drift epoch. At the close of the tertiary
era, (which has left traees of its presence over many of the States bordering on the Atlantic, as far north as the island of Martha's Vineyard, in
Massachusetts,) the whole northern portion of the continent was subjected to the operation of a general and most powerful agency, of which
there is no precedent in the history of former geological ages. There rnay
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be found in every sedimentary formation, deposites similar in their composition to those of the drift, but the rocks on which they rest are nowhere
characterized bY. those peculiar markings which we have described as glacial furrows and strice. In the region of Lake Superior, they are found at
all levels-over plains, and on the slopes of the hills and mountains. Even
the dividing ridge between the upper peninsula and Wisconsin exhibits
traces of their action. It is proved that here, as well as in Europe, .their
main direction has beenfromnortlt to south-being, however, sometimes deflected either to the east or to the west. These deflections are, no doubt, dependent upon the leading physical features of the conn try. Along the south
shore of Lake Supelior we have found them running mostly from northeast to northwest, a direction parallel with that of the principal ridges-as,
for instance, those of Isle Royale and Keweenaw Point. These coincidences would be still further strengthened, if it could be ascertained by a
.series of soundings across the lake, that the main troughs ran in the
same direction. We know, in the actual operations of nature,, of no agent
capable of producing su~h a gigantic result as the shaving and smoothing
-of a ·whole continent. 'ro those who are familiar with the effects produced
by glaciers upon the walls aud bottoms of the valleys through which they
nwve, it cannot be denied that they exhibit the closest analogy to the
phenomena whieh we have been describing. The appearance of the
rocks., as well as the form and size of the strice, is the same; yet it must
be remembered that, in our days, glaciers occur ehiefly in the valleys of
the highest mountain chains. It is, therefore, difficult to conceive how
they could exist and move in a wide and level country, like the northern
parts of the United State ~ aud Canada. In order to avoid this difficulty,
J.t has been assumed that the whole northern hemisphere, as far as errauc
phenomena r.e ach, was once eovered with a general cap of ice, similar to
that of the cireum -polar region, whieh, in its southerly progression, is supposed to have at once smoothed the rocks and transported the boulders from
north to south.~ A careful examination of the position of the boulders, which
J. have found, both in this country and northern Europe resting mostly on
stratified deposites of sand or elay, has eonvinced me that the above assumption is no longer ac1missible , so far as it relates to the transportation
·o f the boulders. The remaining question relates to the grooving and
polishing of the surfaee rocks. H0wever inclined I may be, from personal
Dbservation of the glaeial phenomena both in the Alps ancl Scandinavia,
to refer the groovings to this agency, according to M. de Charpentier's
theory, (which is also advocated by M. Agassiz,) I shall refrain from entering into any discussion of the subject, for the reason that the laws which
regulate the motion of the polar ice are as yet too little known to be made
the basis of geological speculation in a report like this, the object of which
is to state far.ts and give particular information. W~hatever may have been
the cause of the groovings, it must be admitted that an agency which was
capable of shaving off and wearing down such an extent of surfaee must
also have hee1_.1 able to remove the detritus and to transport it from oue
place to another. I am inclined, therefore, to aseribe to this ageney, and to
c onsider as eo11temporaneous with it, that portion of drift materials which
*As to the difficulty ari.sing from the climate, I would remark that it has been most ingeniously
s hown1 in a recent paper by M. L ec0g, that if polar glaciers have ever existed in these latit udes, It WtlS possi ble only with a highe1· .temperature.
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I have described as coarse drift, and which, wherever it exists, is regularly found at the hase of the stratified deposites, having been left undisturbed by the waters of the subsequent period.
.
2. We have shown that almost everywhere along the southern shore of
Lake Superior there is a stratum of red clay resting on the coarse drift, or,
where this is removed, on the volished roeks. From its thickness and
the comminuteGi state of the matedals, we infer that during its deposition
a long interval of time elapsed, characterized by no violent agitations.
With this stratum begins the second era of the drift. If it should be
proved that the continent stood, during the preceding period, at a higher
level than now, as some phenomena seem to indicp_te, this circumstance
would afford additional evidence in favor of the sepa:mtion of the two,
periods, since it would imply a subsidenee of the conti,nent, at the beginning of the deposition of the clay, by which the shores of the Jake were
brought within the reach of the waters to the height of the surface of the
red clay. Admitting this, we must suppose that the former detritus was
to a great extent swept away, and deposited in a more quiet manner.
As to the boulders distributed through it, we may suppose that they were
transported by floating ice, in the same manner as their transport is at this
day effected every spring from the borders of the northern lakes and rivers,.
and dispersed over the adjacent swamps and low lands.
The question recurs as to the nature ofthe vvaters-whether they were
salt or fresh. Considering the vast p_rea over which the clay is spread-it
being traceable not only along Lake Superior, bu,.t algo along the St. Mary's
river to Mackinac, and thence along Lake Michigan to the prairies of
Illinois-it would seem to have constituted a part of the ancient bed ofthe
ocean. It should, however, be reaJembered that \Ve have, in former geological epochs, fresh-water formatim'Js extending over considerable areas,
particularly during tertiary and carboniferous eras.
At any rate, the question must remain doubtful, as long as we have no
evidence of fossil remains. Thus far, I know of no type of animal or ve·getable life having ever been found in the clay of Lake Superior.
3. We h =.w e found everywhere resting upon the clay of Lake Superior
a stratum of gravel and sand, which, notwithstanding its irregular structure, is a real stratified deposite and must therefore be supposed to have
been formed in water. Occurring at still higher levels than the drift clay,
and attaining sometimes a• thickness of several hundred feet, we must
suppose that at the time of its deposition the country had subsided to a
still lower level. From the diversity of its stratification we infer that this
period was characterized by inteivals of agitation and repose. According
to Mr. H. D. Rogers's ingenious theory, this feature should be ascribed to
the temperary operation of e11rthquake waves, such as are known to
occur occasionally in our days, especially in the Pacific. Such waves
might well have disturbed the bottom of the ocean, carrying before them
an immense freight of detrital material s, which were heaped up in irregular masses and hills, resembliiilg the drift af'cnmulations. If we suppose
similar disturbances to have been of frequent occurrence1 they might well
account for the absence of all organic remains at that epoch.
I consider, as belonging to tl:1e close of this period, the transportation of
those huge boulders which are scattered in such vast profusion over the snrfaee of the gravel deposites, and which we have detected on the very snm.mits of the anticlinal axis, where no other drift deposites occur. It might
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· thus appear, at first that this epoch had been characterized by more violent
agitations than the preceding one. VVe should be careful, however, not
to judge of the power and violence of an agency merely from the size of
the materials transported; for, if the boulders had been conveyed by powerful currents, we should not only find them of diminished size in their
progress southward, but also rounded and smoothed like the smaller peb ·
bles. On the contrary, we know that they are just as massive at the very
limits of the drift in Ohio, as near their birth-place; besides, tnany of them
along the anticlinal axis are perched, as it were, on the very top of narrow hills and knobs, where it is hardly admissible that they should ever
have been left by a violent agency. :F'inally, many of them, in spite of contradictory assertions, have rather sharp angles, as if they had been subjected
to slight attrition. I am therefore incliaed to suppose that the surface
boulders, like many of those buried in the drift-clay and sand, have been
transported by floating ice, (not icebergs.) By this hypothesis, their position on the summit of the hills offers no longer any difficulty; for it is natural to suppose that they should have been stranded upon those points,
which at the time were shoals. The changes of level which the region
of Lake Superior has U1:Jdergone during the drift epoch are represented in
the following diagram. Assuming that, during the period of the,groovings,
the waters stood nearly at the
Fig. 55.
same level as now, the land
T
loR
g
must have sunk during the sec~ ------~-----------tooo ________________.__ :! ond period to the depth of five
! hundred feet, and again the same
amount during the third period,
when they rea(~hed those sumT., Thunder Cape.
I. R., Isle Royule.
mits, which are now one thouD., Dividing-ridge.
sand ft>et above the lake.
The boulders of Lake St1perior, like those of aO other parts of the
country, point to the north as the source of their origiu; yet there is this
difference, th:lt they are not generally derived from far. Those in the
immediate vicinity of the south shore have in the main been derived from
the north shore, but as a whole they are not very numerous; and I have
Mr. Foster's authcnity for stating that very few have passed beyond the
dividing ridge. The boulders and pebbles of the opposite slope of the axis,
although more numerous than on the northern slope; are all derived
from the dividing ridge itself. The same is true to a great extent of those
scattered over the plaiNs and prairies of Wisconsin and Tllinois. 'rhis
ridge, abounding in eruptive and metamorphic rocks, is therefore to be
considered henceforth as the true birth- place of the boulders scattered over
the western States, and we need no longer recur to high northern latitudes
to ascertain their origin. The drift epoch may be considered as closed
with the transportation of the boulders. 'rhe waters, after having thus
reached their highest level-during which the transport of the boulders
and pebbles was accomplished-again subsided . With this subsid.ence
commences the era of the alluvium . We have no reason, however, to
suppose that the subsidence was sudden . Everything V:mds us to believe,
on the contrary, that it was gradual, and that the same ~tgPncies continued
to operate to a certain degree. 'rhus we may infer that beaches were
formed, sand bJ.rs built up, and boulders transported, in the .same manuer
as before, although at lower levels. Meanwhile, the former and higher
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beaches receded more and more from the shores; the bars, shoals, and
sub marine banks appeared as ridges or oesars above the plains recently
laid dry, whilst new ones were forming at lower lev~ls; and whenever
the water, in its receding movement, stood for a sufficient time at the same
level to allow the new shore to be acted upon and undermined by the
waves, these bluffs and terraces were formed, as shown before. Now, since
terraces and ridges occur frequently along the great lakes, they may be
considered as a conclusive proof that the subsidence was really gradual.
In this respect, terraces and ridges, although composed of drift materials,
belong properly to the alluvial period, as well as the denudations al<~ng
the channels ·through which the waters are supposed to have been discharged. I shall therefore examine them with more detail in my report
upon the alluvium. Thus far, we are not aware of any striking geological
event-such as the elevation of a mountain chain--having t::.ken place
between the two epochs of the drift and alluvium. It might therefore be
asked if there is sufficient reason to separate them. There are, indeed,
some geologists who question the proprie•y of such distinction. .M:y chief
motive in adopting it is derivecl. from all of the drift phenomena, rather
than from any single event.
The drift is the last phasis of any importance through which the earth
passed before it became fitted for the habitation of man. -were it not for
these deposites, a great portion of this continent, including the district embraced in this report, would have been a waste of naked and barren rocks,
covered partially with heaps of dry sand or rough detrital materials.
Through the long-continued agency of water, these materials have not
only been reduced and dispersed, but also mingled in such proportions as
to afford a most appropriate soil for vegetable and animal life. When,
afterwards, the rise of the continent ·caused the waters to recede \Vitbin
their present limits, they left behind them those wide, drift-covered plains,
destined to becorne, in the lapse of time, the seat of an industrious, i'ntellige:>lt, and prosperous nation. We think ourselves justified in considering the period, when the waters, after having done their work, began
to recede, as the beginning of that new and grand era which has been
properly called the era of MAN, and of which the alluvial period is the
introduction.
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GLOSSARY OF MINING AND METALLURGIC TERMS.

For convenient reference, we have prepared the annexed glossary of the
technical and provincial terms relating the science of mining and metallurgy, which includes most of those in use in this country and in books
treating of these subjects. The fact that a great number of Cornish and
German miners are employed in onr mines readily accounts for the introduction of foreign, provincial and technical wands, many of which are
already in familiar use in the Lake Superior copper region; others are
used in foreign works treating of mining and metallurgy, and have been
adopted in English books, when we have no word expressing exactly the
same idea.
In the glossary, the letter C, affixed to a word signifies that it is of
Cornish origin; F, follQWS a term adopted from the French, and G, from
the German language.
GLOSSARY.

Abstrich.-( G)-Impure litharge obtained in the operation of separating
silver from Jead ores.
Abzug.-( G.)- The :first, very impure litharge which is formed in the
operation of eupelling argentiferous lead-ores.
Adit-adit-level.-A horizontal excavation or gallery through which
the mine is drained. The adit-level is usually commenced from the
bottom of the lowest neighboring valley, and extended through the work~
ings of the mine.
Adventurers.-Shareholders, or those interested in a joint mining enterprise~

Air-machine.-A pparatus for ventilating a mine by withdrawing the
foul air from it, or by forcing in pure air from the surface.
A'r ch.-A piece of ground left unworked near a shaft.
Attle.-Rubbish; rock containing too little ore to be worth working.
Avera,ge standard.-( C.)-The price per ton of the fine copper in the
ore, after deducting the charge for smelting, which amounts, at Swansea,
to .£2 5s. per ton of ore.
Back .-The back of a lode is that part of it which is nearest the surface
in relatim1 to any portion of the workings of the mine; thus the back of the
level is that part of the lode which is above.
Bar.-'rerm applied in Cornwall to a vein of a different description of
mineral crossing the lode or country.
Beat away.-To excavate; a term usually applied to hard ground.
Bed.-A seam or horizQntal deposite of ore.
Bend.-( C. )-Indurated clay; term applied by the miner to any hardened, argillaceous substance.
Black jack.-( C. )--Blende, sulphuret of zinc.
Blast.-The air introduced by the blowing apparatus into the furnace.
Blower.-( U.)-A smelter of ores.
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Bounds.-( C.)- The limits of the ownership of a tract containing tin
·
ore.
Brasque.- ( F.)--A lining of closely-beaten charcoal, or other carbonaceous substance.
Branch.-A small vein which strikes. out from the main lode, or
branehes from it.
Bt·ood.-Impurities mixed with the ores.
Broil.-'"rhe traces of the presence of a lode found in the loose matter
at or near the surface.
Buckers.-Men who break or bruise the ore.
Buddling.-Separating the ores from the mixture of earthy substances
by means of a wooden frame or cistern filled with water.
Bunch .-A small quantity of ore in a compact mass in the vein.
Cal.-( 0. )-Wolfram; tungstate of iron and manganese.
Cand.-( C.)-.F'luor-spar.
Captain.-Superintenrlent of a mine.
Gaunter (or contra) lode.-A lode forming an angle with the ordinary
direction of the other lodes in its vicinity.
Champion lode.-The principal lode of a mine.
Clack.- The valve of a pmpp of any kind.
Cob.- To preak up the ore with hammers, so as to sort out the valuable portion of it.
Cockle.-Schorl, <'lr black tourmaline:
C((/fin.-Old workings open to the day.
Comb.- The arrangement of the mineral contents of the lode in parallel, crystalline masses.
Cost-book system.- The method of working a mine according to certain regulations, by which the adventurers may at any time "sigH off,"
and cease to be liable for any further expenditure in proving the mine.
The plan is to insert in the "cost-book" the name and address of each
of the adventurers who first work the mine, with all subsequent transfers
of shares, and evety expense ctttaehed to the undertaking; a meeting of
the proprietors is held every two months, at which the purser presents
his accounts, made up to that period, and the share-holders are thus
enabled to judge of the state of the undertaking befi)re incurring any
further liabilities.
Cmmtry.- Tlte strata or rock which the vein traverses; the rock in
the neighborhood of the vein.
Course.-The direction of the vein.
Cross course.-A lode or vein which intersects another at a considera.
ble angle, and which frequently throws the first out of its course.
Cross-course spar.-( C. )-Radiated quartz.
()ross cut.-A level driven at right angles with another to intersect the
lode.
Crop ,- The best ore.
Orop -out.-To come to the surfaee; referring to strata.
Crush.-To grind the ores without water. •
Cut.- To intersect by dnving or sinking.
Costeaning .-Discovering the situation of a lode by sinking pits in its
vicinity, and driving transversely to intersect it.
. ('ojering.-Securing the shaft from the influx of water by ramming
clay, &c., around the sides of the timber.
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Dam-.( 0.)-Choke damp; foul air.
Darrlinge.-( G. )-Residue of copper in the proces(of separating silver
from copper in the liquation process.
Deari-work.-Vvork where the vein is notproductive, or work which is
done without obtaining any ore.
Deads.-Rubbish; attle; vein stone barren of ore.
Dialling.-Mining engineering; surveying within a mine.
Dislt.-( C.)- 'rhat portion of the produce of a mine paid as rent to
the owner or lord.
Dissueing.-Breaking down the strata frorp one of the walls of a rich
and narrow vein, so that it can afterwards be taken down without loss
or waste.
Dropper.-A branch which leaves the main lode.
Driving.-Excavating in a horizontal direction; opposed to sinking or
excavating in a vertical direction.
Drift.-Horizontal excavation.
Dress-To clean the ore by breaking off fragments of the gangue from
the valuable ore.
Eloans.-( C. )-Dikes of granite and feldspar; porphyritic rocks cutting
the slates and granites of Cornwall.
Engine-shaft.- The shaft by which the water is drawn from the lowest
portion of the mine.
Feeder.-A branch falling into the main lode.
Fault.-A sudden interruption of the continuity of strata in the same
plane, accompanied by a crack or fis sure of a width varying from a mere
line to several feet.
Flucan.-Decomposed, clayey matter, accompanying the slides and
cross-courses, and sometimes the lode itself.
Foot-wall.-'rhe wall on the lower side of the lode.
Gangue.-The non-metalJiferous portion of the lode; the mineral
substances accompanying the ore.
Gad.-A pointed wedge of a peculiar form, having its sides of a parallel figure.
Garkupfer.-( G. )-Refined copper.
Glist.-( C. )-Mica.
Good levels.-Nearly horizontal levels.
Gossan.-Oxide of iron, intermixed with quartz, generally found near
the surface, in the lode or accompanying it.
Grass.-The surface; the open air.
Growan.-( C. )-Decomposed gra!1ite.
Ground.-The rock which is adjacent to the lode; the strata in which
the lode occurs.
Gulplt of ore.-A very large deposite of ore in the lode.
Hanging-wall.- The wall or side above the lode, in contra-distinction
to the foot- wall.
I-:leave.- The horizontal dislocation which occurs when one lode is intersected by another having a different direction.
Horse.- The dead ground between two branches of a lode.
Joggling-table.-Inclined board, and which is made to move with a
sudden aqd quick motion, used in washing the ores.
,
Jig.- To separate the ore with a riddle or wire-bottomed sieve, the
heavier substance sinking to the bottom of the sieve.
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Junction.-Point where two veins, or different rocks, umte.
Keeve.-A large vat.
Kibble.-The bucket in which the ore and attle are sent to the surface.
Killas.-( C. )-Clay slate.
Kupfer-stein, (G. )-Regulus from coppery-lead ores twice roasted.
Lander.-The man who attends at the mouth of the shaft to receive
the ores as they are sent to the surface.
Leader.-A branch of the main vein.
Levels.-Galleries driven on the lode at various depths, generally at
intervals of ten fathoms.
Lifters.- Wooden beams to which the stamp heads are fastened
Lode.-Regular vein producing ore.
Loupe.-( P. )-Bloom, from the puddling furnace.
Matte.-( ~F'. )-Regulus, melted snlphuret.
.Mock lead.-Blende, sulphuret of zinc.
Moor-stone.-( 0. )--Granite.
JYlundic.-( C. )-Iron pyrites.
.
Needle.-A long, tapering piece of copper used in tamping the hole for
blasting, in order to leave a cavity for inserting th~ safety-fuse.
Pack.-'1,o occasion the speedy ~ubsidence of the ore in the process of
tossing or chiming, by beating the keeve with a hammer.
Pair.--Gang, or party of men.
Parcel.-A heap of ore ready for sale.
Pass.-An opening left for letting down stuff to the level.
Peach.-( C. )-Chlorite.
Pick.-A common instrument for mining and agricul tural purposes.
Pillar.-A piece of ground left to support the hanging wall.
Pitman.-One employed to look after the lifts of pumps and the drainage.
Pit-work.-The pumps and other apparatus of the engine-shaft.
Point of t/w hvrse.-The spot where the lode splits or divides into two
parts.
Pot gnwn.-( C. )-Soft decomposed granite.
Prian.-( C. )-Soft, white clay, esteemed in Cornwall a favorable sign,
when found near a lode.
Rack.-An inclined frame on which ores are washed.
Riddle.-A sieve for washing the ores.
Rosette.-( P. )-Dish of refined copper taken off from the surface by
throwing on cold water.
Run of a lode .-Its direction.
Saalband.-( G.)-Plural saalbander, selvages, or thin bands of earthy
matter, generally argillaceous,oneach side of the vein next to the wall rock.
Sett . -rrhe po··tion of ground taken on lease for mining purposes.
~'chlich.-( G.)-Finely pulverized ore mud
Slag.-Silicious substances formed in the various processes of smelting and refining, principally silicates of the protoxide of iron, alumina, lime,
and magnesia, generally containing a small portion of various metallic
substances.
Shaft .-A vertical or inclined excavation in the lode or through the
country.
Sple£ssofen.-( G. )-Copper-refining furnace with two receivers for the
fused metal.
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Shears.-Apparatus for raising or lowering heavy articles in the shaft.
Sltelf..-The solid rock.
Shodin[;(.-Tracing the situation ofa lode by means of the loose masses
of ore and veinstone which have been separated from it and scattered in
its neighborhood.
Shooting.-Blasting with gunpowder.
Sinking .-Excavating downwards in the shaft.
Slide.-A vertical dislocation of the lode.
Slickensides.-Polished, argillaceous surfaces of the rock, caused by the
rubbing and grinding of large masses against each other.
Stockwerk.-( G. )-An assemblage of small irregular strings of ore,
which has no regular form like a true vein, but in which the ore seems to
have been disseminated through the fissures in the rocks.
Slimes.-Metallic ores mixed with finely-comminuted particles of the
rock.
Srnelt.-The reduction of metals from their ores by the aid of heat, in
th.e usual metallurgic treatment in the large way, is called smeltiHg.
SGllar.-The small platform at the end of a certain number of ladders.
Spalling -Breaking up the rock into small pieces for the purpose of
separating the ore.
Stamp.- To break up the ore and gangue by machinery, with the aid
of water, for the purpose of washing out the heaviet metallic particles.
Stamp-head.- The iron end of the beam which by its weight breaks
the fragments of ore in the process of stamping.
Stope.- To excavate the space between two levels by a succession of
step-like workings.
St1·ing.-A small vein.
Stujf'.-Attle, or rubbish.
Sump.-The bottom of the engine-shaft, into which the water is allowed
to run, and from which it is pumped or removed by some other means.
Tackle.-The windlass, rope, and kibble.
Tamping.- The substance with which the hole in blasting is filled after the charge of powder has been introduced; also, the process of filling
the hole is called tamping.
Thrown .-A lode is said to be thrown up or down when it is intersected
by a slide by which a portion of the lode has been removed from its original position to one side or the other.
1~clcetings.-( 0. )-1-,he weekly public sales of ore.
1rihute.-The system of working by tribute is that under which the
workman receives a certain proportion of the ore which he raises as a return for his labor.
Trunk.-A long narrow inclined box, in which the separation of the
finely-washed ore from the earthy impurities is effected.
7'-unnel-head.-The top of a furnace, where the materials are put in.
1rut-1oorlc.- Work in which the laborer is paid in proportion to the
amount done-generally at so much per fathom in driving or sinking.
Tuyere.-Pipe through which the bla~t is introduced into the furnace.
Underlie.- 'rhe dip or deviation of a veiu or bed . from the perper.•
dicular.
Van.- To cleanse a small portion of ore by washing away the earthy
matr,er; by the aid of a shovel or some similar implement.
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Vein.-'The contents of a fissure in the rocks, of indefinite length and
depth.

Vug.-( C. )-A cavity in the vein, generally lined with crystals.
l'Vall.-The side of the rocks adjacent to the vein.
Washing.- The process of separating thf'. ore from the earthy impurities
by the aid of water, the particles of ore and earthy matter arranging them~
selves in different positions according to their different specific gravities.
Whim.-A machine consisting of a drum revolving vertically by horse,
steam, or water power, by which, with the aid of a rope and pulley, the
ores are raised from the bottom of the mine.
JiVhim-shajt.- The shaft through which the ore is raised by means of a
whim.
·
TV/tip and derry.-'The simplest method of raising the kibble by means
of a si~1gle pulley; the kibble is attached to a rope, which is drawn by a
horse.
Winze.-A shaft sunk from one level to another, for vcntillation, or for
proving the vein. A winze differs from a shaft in not being open to the
surface, like the latter.

